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Abstract
This study identified and characterized two herbs that grow in the wild in Kurdistan-Iraq, 
namely Thymus syriacus var. Syriacus and Thymbra spicata L  Thyme and thymbra 
shade-dried leaves were extracted by hydrodistillation; it was found that the herbal 
volatile oil (VO) yields were significantly higher (P < 0.05) in whole leaves compared 
with ground leaves. The average VO content in whole Thymus syriacus and Thymbra 
spicata at high altitude was 3.75 ± 0.1 % (v/w) and 4.15 ±0.15 % (v/w), and at low 
altitude VO values were 2.52 ± 0.12 % and 2.72 ± 0.08 %, respectively. GC and GC-MS 
characterization showed that thyme comprised mainly 74.1 % thymol and 9.0 % 
carvacrol whereas thymbra comprised 74.0 % carvacrol and 10.7 % y terpinene. Thyme 
and thymbra (VOs), thymol and carvacrol (0.5 and 1.0 %) showed significant antioxidant 
activities in UV-oxidised sunflower oil using iodometric titration and ferrous thiocyanite 
(FTC) methods for peroxide values measurement and thiobarbituric acid related 
substances method for secondary products.
The herbal VOs (at 0.25, 0.5, 1 and 2 pM), thymol and carvacrol (0.025, 0.05, 0.1 and 
0.25 pM) exhibited significant inhibition in C u ^  induced low density lipoprotein (LDL) 
oxidation. Amongst the other seven terpenoids used in this study, y terpinene (0.25, 0.5, 1 
and 2 pM) showed the strongest antioxidant activity including its isomer a  terpinene.
Thyme and thymbra VOs and their individual components were evaluated for their 
antimicrobial activities against a range of microorganisms. The VOs, thymol and 
carvacrol exhibited zone inhibition using a disc diffusion method. The VOs were 
evaluated against E. coli in nutrient broth and showed minimum inhibitory concentration
II
(MIC) of 0.015 and 0.02 % and minimum cidal concentration (MCC) of 0.02 and 0.025 
% for thyme and thymbra respectively. The VOs showed MIC (0.05 %) and MCC (0.1 
%) in skimmed milk, but they showed no effect in whole milk even at 0.5 %.
Thyme and thymbra VOs (0.1, 0.25 and 0.5 pM), thymol and carvacrol (10, 20, 50 and 
100 pM) showed no toxicity when incubated with Caco-2 and endothkelial cell lines 
using the MTT method. The VOs and the terpenoids exhibited significant antioxidant 
activity against oxidative stress by tert-hwXyX hydroperoxide (r-BHP) on cell proliferation. 
In conclusion thyme and thymbra VOs may have significant applications in food 
preservation as antioxidants and antimicrobials and in the inhibition of LDL oxidation in 
vitro as they are safe to be used at 0.25 -  2.0 pM concentrations.
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CHAPTER ONE
CHAPTER 1
1. INTRODUCTION
1.1 Herbs and Spices
Herbs and spices are botanically heterogeneous, with major contributions from the 
Apiaceae and Lamiaceae families (Crozier, et ah, 2006). Herbs and spices are defined as 
plants that are valued and grown for their unique medicinal and aromatic properties 
(Peter, 2004). The fresh or dried leaves, flowers, buds, fruits, seeds, bark, roots or 
rhizomes of various plants, used in small amounts in food to deliver a pleasant odour and 
flavour due to the presence of the volatile and non-volatile oil (Pearson, 1988). In 
addition, they may have health benefits and some have been used extensively in 
perfumery.
1.2 Physical and chemical characterization
Herbs differ from spices in some of their physical and chemical characteristics. Culinary 
herbs are aromatic, soft-stemmed plants such as basil, marjoram, mint, oregano, 
rosemary, thymbra and thyme, as well as aromatic shrubs (e.g. sage) and tree leaves (e.g. 
laurel); they are derived from subtropical or non-tropical plants and contain higher 
concentrations of chlorophyll and j?-menthanoids from terpene biosynthesis from the 
mevalonate and pyruvate pathway (Crozier et al, 2006), e.g. menthol in peppermint. On 
the other hand, spices used in the flavoring and seasoning of foods, generally lack
1
chlorophyll, and include rhizomes or roots (ginger), bark (cinnamon), flower buds 
(cloves), fruits (dill & pepper) and seeds (nutmeg & mustard). Spices are generally 
derived from tropical plants and contain high concentrations of phenyl-propanoids from 
the shikimic acid pathway (e.g. eugenol in cloves) (Fennema, 1996).
1.3 History
Herbs and spices have changed the course of history in their role in food, medicine, 
perfumery, cosmetics and garden plants, as wars were fought and lands were conquered 
over these valuable plants (Peter, 2004). Herbs with sacred flowers are used for worship 
and rituals. Mankind has always searched for the healing power, treatment and cure from 
illnesses through the available natural resources. Evidence indicates that Homo erectus 
Neanderthals, living 60,000 years ago in present day Iraq, used plant hollyhock which is 
still used as ethnomedicine around the world (Cowan, 1999).
The number of plant species on earth is estimated to be between 250,000 and 500,000, 
from which only 1-10 % are used as food by humans and animals (Borris, 1996). Herbs 
and spices are one of the major plant categories that have been used from the ancient 
times to date for various purposes. About 5000 years ago, garlic and onion were used in 
Egypt, early Chinese medicine used ginger. Ayurvedic medicine used pepper, and 
Assyrian wines were spiced with sesame. A number of herbs and spices were used by the 
Babylonians in about 700 B.C. including cardamom, coriander, garlic, saffron, thyme and 
turmeric and the Assyrians in 650 B.C. used anise, coriander, cumin, dill, myrrh, poppy, 
saffron and sesame. When the father of medicine, Hippocrates (around 400 B.C) said “let
food be your medicine, medicine your food.” he was already familiar with cinnamon, 
coriander, marjoram, mint, saffron, and thyme, at which time, spices were as important 
for medicine, embalming, preserving food, and masking bad odours, as they were for 
more mundane cooking purposes (Duke et al., 2002). The recorded use of plants for 
medicinal purposes in China dates back to 2800 B.C. (Borchers, et al. 1997). The most 
comprehensive classic herbal encyclopedia, Ben Cao Gang Mu, a description of formulas 
or prescriptions to treat human diseases, was published in the 16th century by Dr. Li 
Shizhen (1517-1593 AD) (Cheng, 2000).
Although great advances in modem scientific medicine and the formulation of Western 
medicines have occurred, the use of herbal medicine or complementary treatment is still 
predominantly used by the majority of people living in developing countries, including 
China (Eisenberg et al. 1993). Indeed, it has been estimated that about eighty percent of 
the world’s population use traditional medicine. This is especially true when Chinese 
herbs are taken in to account; these have attracted a great deal of attention and generated 
extensive research on their philosophy, principles and scientific search for the chemical 
components responsible for their claimed therapeutic value (Duke et al., 2002). In the 
U.S. alone, the consumption of medicinal herbs is rising at approximately 15 % annually 
(Marwick, 1995). Perhaps the importance of the herbal medicines comes from the fact 
that many prescription drugs, such as aspirin, codeine and digoxin, originate from herbal 
medicines (Yamell, 2000). A global survey in 1997 revealed that about 119 plant-derived 
compounds of known structure are used as prescription drugs (Zhu, et al. 1996, 1997). 
Some of the main pharmaceutical drugs derived from plants are shown in Table 1.1.
Table 1.1. Some of the most economically important pharmaceuticals or their precursors derived from 
plants and the projected 2002 worldwide sales for the structural groups of plant-derived drugs (adapted 
from Raskin et al. 2002, Ref: 6 and 15).
Name Source Therapeutic use
Alkaloids: Fi-o.|ecte(i 2002 sales of US$4 (W5 million 
Atropme®, hyoscyamine, Tropane alkaloid 
scopoiamîifô
Camptothsdn^
Capsaicin
Codeine, moipMnc 
Cocaine
Colchicine
Bnetine
GakntlmniJne
Nicotine
Physostigaiine
Fiiocaipine
Quinine
Q uinidinc
Reserpine
'Djbocuimine
Vinblastiæ, vitKristine 
Yohhribine
Indol alkaloid
Phenylalkyl-anmie 
alkaloid 
Opium alkaloid 
Cocaine alkaloid
IsoqumoMnc alkaloid 
Isoquinoline alkaloid
Isoquinoline alkaloid 
Pynolidine alkaloid 
Indole alkaloid
Imidatole alkaloid
Quinoline alkaloid 
Quinoline alkaloid 
Indole alkaloid
B istaxyl isoquinolinc al­
kaloid
Bis-indole alkaloid 
Indole Alkaloid
Sofanaceaiis spp,
Camptothcca acuminata 
Dccnc
Capsicum spp.
Papaver sammferum L, 
Erythvoxybmi coca
Laniarck
Colchicum autumnale L. 
Cephaelis ipecacuanha 
(Brot,)A, Rich, 
tmcojum aesfivttm L. 
Nkotiana spp.
Ph ysostigma ven enosum
Baifor 
Pilocarpus 
Holmes 
Cinchona spp.
Cinchona spp.
RauwoIJia serpentina L.
Chofufodcftdron tomento- 
stm  Ruiz, Stryclmos tox- 
ifera Bentham 
Catharanthus roseus L, 
Apocynaceae, Riéiacmc 
spp.
Anticholinergic
Antineoplastic
Topicsl analgesic
Analgesic, anlirussive 
Local anaesthetic
Antigout
Antiamoebic
Qioliaestemse inliibllo 
Smoking cessation thei 
Cholinergic
Jatorandi Cliolineigic
Antinialaiial 
Cardiac depiessant 
Antili)q)ertensive, 
chotropic
Skeletal muscle lelaxat
Antineoplastic
Aphiodislac
Tcrpenesand steroids: piojccted 2002 sales of US$12 400 million 
Aïlemisinîn Scsqwtcipcnc lactone Artemisia annua L
Diosgenin®, hecogenin^. Steroids Dioscoreaspp,
stigniasteioP
Taxol and other taxoids^ Ditcrpcnes Taxus bmrijblia Nutt.
Àntimahu'ial 
Oral contraceptions an 
monal drugs 
Antineoplastic
Glycosidc&'î projected 2002 soles of US$92^0 million 
Digojdn, digitoxin Steroidal glycosides
Scnnosidcs A and B Hydi^xy-antlnaccne
glycosides
Digitalis spp.
Cassia angusf/Jbtia Vahl.
Cardiotonic
Laxative
Others and mixtures: projected 2002 sales of US$5014 million
ipecac Mixtum of ipecac alkaloids Cephaelis ipecacuanha Bmetic
and other components (Brot.) A. Rich.
Fodophyhotoxin’*________ Ltgnan__________________Podophyllum peltatum L. Antineoplastic
The fundamental difference between modem Western medicine and traditional Chinese 
medicine (TCM) is that, in the former, to treat a single ailment, drugs usually contain a 
single active ingredient in order to avoid drug-drug interaction; thus side effects are more 
likely to occur than in less concentrated phytochemicals in TCM (Duke, 2000, Yamell, 
2000), while in the latter the therapeutic efficiency is enhanced by combining various 
herbs in one prescription to treat a single disease (Borchers et al. 1997). In TCM a 
compound prescription consists of four different functional groups, each group comprises 
more than one herb. The “principal” provides the main curative effect; the “adjuvant” 
helps strengthen the principal effect; the “auxiliary” relieves secondary symptoms or 
decreases the toxicity of the principal and the “conductant” directs the action of the 
principal to the target organ or site (Zhu et al., 1997). The study of synergistic effects, 
decrease or increase of possible side effects and the long-term effect of the active 
ingredient as a result of the combination of these chemotypes, are important areas of 
investigation (Borchers et al., 1997).
Several herbs have powerful effects which may be increased or counteracted by 
pharmaceutical drugs and vice versa (Miller, 1998), thus a thorough investigation is 
needed on each chemotype from the mixture of the crude extracts of the TCM, similarly, 
improvements should be made in the quality of trials (evidence based decision making) 
(Tang et al. 1999), as well as in vitro evidence studies (the action of the isolated 
compound) (Cheng, 2000).
1.4 Safety
The problems of adulteration, contamination and toxicity of the medicinal herbs must be 
addressed and regulated, as it has been reported that many herbs have been contaminated 
either accidentally or deliberately with heavy metals and/or conventional drugs 
(Vanherwegheum, 1993; Espinoza, 1995).
Furthermore, many commonly used herbs contain potentially toxic ingredients and can be 
harmful. For example, a herb commonly used for its anti-inflammatory properties. 
Aconitine carmichaeli, contains aconitine, which can cause neurological and cardiac 
toxicity (Tomlinson et al, 2000). Root of licorice (Glycyrrhiza uralensis), used in many 
preparations, is considered safe; however, it contains glycyrrhizic and glycyrrhetenic 
acids, and large doses can cause hypokalemia and sodium and water retention. Ginkgo 
biloba extract can inhibit platelet aggregation but it can sometimes cause spontaneous 
hemorrhaging (Tomlinson et al., 2000).
Studies have shown that some active ingredients in herbs might have an adverse impact 
on biological systems. Anethol, the major volatile oil component in anise and fennel, as 
well as sage and parsley, have shown oestrogenic activity (Miloslav, 1983). Safrole in 
Sassafras can act as a carcinogen and mutagen in rodents. Piperine in black pepper (also 
contains low levels of safrole) has been shown to cause tumours in mice (Ames, 1983). 
Both black pepper and paprika can undergo similar reactions when combined with nitrites 
forming the carcinogens «-nitrosopiperidine and w-nitrosopyrrolidine, respectively. 
Myristicin in nutmeg is a hallucinogen and though not toxic in small amounts, can cause
death if taken in excess (Kalbhen, 1971). Glucosinolates in mustard seeds form toxic 
compounds on hydrolysis. White mustard {Brassica hirtd) contains 3.3 % sinalbin that 
forms SCN' ions at high pH, whereas brown mustard contains 2.8 % sinirgin forming 
allilothiocyanate, the lachrymator, causing blisters on contact with the skin. This 
compound was also shown to be mutagenic in hamster cells and carcinogenic in rats 
(Miloslav and Ames, 1983). Estragole in tarragon (60 %) and basil (8-16 %) has been 
shown to be a carcinogen and mutagen (Tateo et al 1989) and has been added to the 
carcinogen list in the USA (Caldwell et al., 1987).
Herbal medicines are still considered comparatively safe. About 25 -  50 % Americans 
take herbs or herbal supplements from which about 40 Americans die each year. In 
contrast, prescription drugs kill 80,000 to 120,000 people annually (Duke, 2000). In a 
Hong Kong hospital, only three out of 1701 patients were admitted because of adverse 
reactions to Chinese herbal drugs (Lambert et al. 1997) and in a Taiwanese hospital 4 % 
of 2,695 patients had drug-related problems, conclusively herbal medicines ranked third 
among the categories of medicines responsible for causing adverse effects (Lambert et 
al., 1997). However, beside the urgent need for systematic analysis for the characteristic 
components of the herbal medicines, strong regulations and effective quality control 
systems are needed for monitoring any herbal defectives.
1.5 Herbs and spice uses in foods, cosmetics and toiletries:
Herbs and spices grow in various parts of the world. Many of them grow naturally in the 
wild rather than as field crops and impart appetizing, tanginess, and piquancy
characterizing flavours and colours to food and beverages. The flavour characteristics 
often vary for a given herb depending on the location of growth and genetics; thus this 
group can provide a wide range of flavours for foods. They are used fresh or dried in 
whole and ground forms. The dried herbs and their volatile oil or oleoresins are added in 
seasonings, sauces and gravies. Herbs can be added to soft cheese and salad dressings in 
the whole form or as an infused flavour. Herbs are also used in alcoholic beverages and 
added to foods to preserve them from spoilage. The Western food market in the 
century is heavily influenced by ethnic cuisines, including from Asia, South America, 
Africa, Middle East and China, which are all known for their rich herbal and spice 
flavours. Herbs, particularly rosemary, tarragon, dill, basil and thyme are increasingly 
used in foods such as chicken, fish and pasta. In the USA, the overall consumption of 
spices from 1979 to 1998 dramatically increased from 473.6 to 968.8 thousand tons. In 
addition to imparting flavour and increasing appetite, herbs and spices have become 
popular for their nutraceutical and health benefits (Donald et al., 2001).
The toiletries and allied industries use herbal extracts and the oil of herbs and spices in 
many manufacturing products such as soaps, toothpaste, face packs, lotions, freshness 
sachets and hair oils. They are also used as essential ingredients in beauty care as 
cleansing agents, infusions, skin toners, moisturizers, eye lotions, bathing oils, shampoos 
and hair conditioners, cosmetic creams and antiseptic and anti-tanning lotions (Pamela, 
1987; Ravindran et al., 2002).
1.6 Antioxidant activity:
After_the advent of agriculture, the human diet drastically changed from mixed fruits, 
nuts and slowly moving animals, to relying on milk fat and ruminant depot fats as major 
sources of food. This recipe was used until post World War II, when the Western life 
style changed and as a result, cardiovascular disease (CVD) has become a major 
metabolic disease and cause of death. Nutritionists reasoned that CVD was caused by a 
high intake of saturated fat and cholesterol. As a consequence, animal fat is being 
replaced by vegetable oils containing 30-70 % polyenoic fatty acids. However, during 
storage and heating, polyunsaturated oils can oxidize to form large amounts of lipid free 
radicals that may not be scavenged by natural mechanisms. Thus the inclusion of 
antioxidants to lipid foods is necessary to stabilize food (Badii and Howell, 2006; 
Pokomy, 2007).
Antioxidants are added in small quantities to preserve lipids and lipid-based foods from 
oxidation and deterioration. A few synthetic antioxidants that are used include butylated 
hydroxy anisole (BHA), butylated hydroxy toluene (BHT), propyl gallate (PG) and tert- 
butyl hydroquinone (TBHQ). Some reports, however, have indicated that BHA and BHT 
have a carcinogenic effect on rats (Chung, 1999). Furthermore these antioxidants have 
been listed as carcinogens in the USA (National Toxicology Programme -  USA, 2002). 
These studies have resulted in a growing interest in the use of natural antioxidants, 
especially when the early work of Chipault and others showed that sage and rosemary 
demonstrated antioxidant activities (Chipault et al, 1952).
Due to consumer desire to use natural antioxidants instead of synthetics, herbs and spices 
have been targeted in the search for natural and safe anti-oxidants (Yanishlivea et ah, 
2006). Owing to this increased interest and commercialization of botanical extracts and 
due to their health-related effects, many herbs and spices have been evaluated for 
potential health benefits and their antioxidant activities. Natural antioxidants are known 
for their capacity to protect cells from damage induced by oxidative stress, generally 
considered as a cause of ageing, degenerative disease and cancer (Yanishlieva et al., 
1999).
The consumption of herbs and spices results in a contribution to our daily intake of 
natural antioxidants. Phenolic compounds are the primary active group in herbs and 
spices known for their antioxidant properties, due to their redox properties that allow 
these compounds to act as reducing agents, hydrogen donors, singlet oxygen quenchers 
and metal chelators (Evans et ah, 1994). Phyto chemicals such as carvacrol, thymol, 
rosmarinic acid and camosic acid are amongst a whole range of compounds present that 
are responsible for the antioxidative property. Rosemary, (widely used as an antioxidant 
in Europe and the USA) oregano, thyme, marjoram, sage, basil, fenugreek, fennel, 
coriander and pimento, all possess antioxidant properties, many of which show better 
activities than the synthetic antioxidant butylated hydroxy toluene (Peter, 2004).
Yanishlivea et al. (1995) showed that savory extract was an effective antioxidant for 
purified sunflower triacylglycerols and inhibited the oxidation of sunflower oil at 
elevated temperatures, simulating those conditions present in frying oil. Turmeric (and its
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characteristic colour component curcumin), has been the most widely studied spice over 
the last 25 years (Kuttan et ah, 1985). It has been repeatedly shown to have antioxidant 
properties due to its phenolic compounds acting as radical scavenging antioxidants with 
modest activity.
Singh et al. (2004) tested a wide range of essential oils from herbs and spices for their 
antioxidant activities using sunflower and soybean oil. These studies included: Curcuma 
aromatica (leaf), Curcuma zedoaria (rhizome), Apium graveolens (seed), Daucus carota 
(seed). Citrus sinensis (peel). Citrus medica (leaf and peel), Homalomena aromatica 
(rhizome). Eucalyptus citriodora (leaf), Cymbopogon citratus (whole). Coleus 
amboinicus (leaf), Tagetes erecta (whole), Santalum album (wood), Mentha piperita 
(whole/leaf), Cinnamomum glaucescens [C. cecidodaphne] (fruit). Curcuma longa 
(rhizome), Anethum graveolens (seed), Cuminum cyminum (seed), Carum copticum 
\Trachyspermum ammi\ (seed), Mentha citrata [M piperita var. citrata\ (leaf), 
Coriandrum sativum (seed), Ocimum basilicum (leaf), and Foeniculum vulgare (seed). 
They showed that the peroxide values of samples containing essential oil were lower than 
those with BHT. Interestingly, the volatile oils from Citrus medica and M. piperita 
showed better antioxidant activity for sunflower oil, whereas the volatile oils from 
Curcuma zedoaria, Carum capticum and Coriandrum sativum were found to be the best 
antioxidants for soyabean oil. Furthermore, most of the volatile oils studied showed high 
activities within and up to 15 days storage.
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It was observed that polar antioxidants are more active in non-polar substrate (pure 
lipids), and non-polar antioxidants are most active in a polar substrate, oil-in-water 
emulsion (Abdalla and Roozen, 1999), hence the term “polar paradox” has been 
introduced (Frankel et a l, 1996). This factor may explain to some extent the variation of 
antioxidant activity for different herbs and spices in different foods.
Many researchers have found close associations between metabolic diseases and age- 
related degenerative disorders with oxidative processes in the body; hence the use of 
herbs and spices has received more attention as a source of antioxidants and potential 
health beneficial agents. The validation of the antioxidant function in herbs and spices 
after harvest and testing the effects on markers of oxidation should be considered, as this 
will potentially benefit the clinical trials in disease prevention. Recommendations are 
given for the consumption of foods rich in bioactive components, such as herbs and 
spices, thus solid scientific evidence is needed to support the benefits of herbs and spices 
in the maintenance of health and combating disease. The real challenge remains in 
defining the benefits of herbs and spices and how to develop methods to analyse them by 
scientific means (Taspell et a l, 2006). Fig. 1.1. shows the molecular structures of some of 
the active components of herbs and spices that act as antioxidants (Yanishliviea, 2006).
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Fig. 1.1. Chemical structures of some antioxidant compounds. 2006 WILEY-VCH Verlag 
GmbH & Co. KGaA, Weinheim.
Despite a great deal of research being published in relation to the use of spices and herbs 
as antioxidants, so far the main extracts used as antioxidative spice additives are sage and 
rosemary. Rosemary extracts are available in both water dispersible and oil soluble 
forms, some of which are combined with tocopherol for synergistic effects. In the food 
industry, the proposed preservative herb and spice extracts at effective concentration, 
should be tried under realistic conditions, to measure their stability which is dependant on 
the composition of the lipid system, the lipid-containing foods and the conditions of 
processing and storage (temperature, irradiation, partial oxygen pressure), after which 
complete organoleptic analysis is applied. However, due to a lack of reference methods, 
the comparison of herbs and spice antioxidant activities remains a challenge (Yanishlivea 
and Pokomy, 2006).
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1.7 Health benefit
Historically, herbs and spices were used by people all over the world particularly Chinese 
and Indian for different medicinal purposes (Ayurvedic) (Peter, 2004). Recent public 
trends and interest in herbs and spices, has prompted researchers to evaluate them for 
their health benefits, therefore many of them and their essential oils have been 
investigated both in vitro and in vivo.
For instance, dietary turmeric lowers lipid peroxidation by enhancing the activity of 
endogenous antioxidant enzymes (Radha et al., 2006), furthermore, turmeric lowers the 
formation of inflammatory compounds such as prostaglandins and leukotrienes, giving 
moderate relief to rheumatoid arthritis in humans (Reddy and Lokesh, 1994). In addition, 
turmeric has shown anti-thrombotic activities (Kuttan et al., 1995) and tumor inhibition in 
mice and rat fore stomachs in response to benzopyrene and other tumor promoters (Aruna 
et al., 1992; Polasa et al., 1991).
Many herbs and spices have been studied for their health benefits. Frankel et a l reported 
that the constituents of rosemary (camosol, camosic acid, and rosmarinic acid) inhibited 
low-density lipoprotein (LDL) oxidation, which can have potential implications in 
reducing atherosclerosis (Pearson et al, 1997). Further, rosemary extract has the potential 
to protect mouse liver and stomach cells from carcinogenic or toxic agents by improving 
the activity of the detoxifying enzymes (Singletray and Rokusek, 1997). Similarly, 
cumin seeds, basil and poppy seeds showed anticarcinogenic properties by mechanism of 
enhancing the detoxifying enzymes in rats (Aruna and Sivaramakrishnan, 1992).
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Furthermore, kaempferyl coumarate (in bay leaQ, luteolin (in peppermint, sage and 
thyme), and galangin and quercetin (in oregano) all have anti-mutagenic properties 
against Trp-P-2, the carcinogenic heterocyclic amine formed during the cooking of meat 
(Samejima 1998).
Cinnamic acid, the active component of cinnamon, has shown activities against many 
types of human malignant tumours including melanoma, glioblastoma and 
adenocarcinoma of the prostate and lung (Leu et ah, 1995). Cinnamic acid showed 
inhibition of growth of colonic carcinoma cells in vitro (Ekmekcioglu et a/., 1998).
Piperine, the alkaloid responsible for the pungency of black pepper, has been repeatedly 
shown to protect against carcinogenesis as well as anti-inflammatory activities 
(Mujumdar et al, 1990). In addition, piperine may have a protective effect against 
oxidative alterations induced by chemical carcinogens (Khajuria et a l, 1998).
1.8 Antimicrobial activity
Herbs and spices and their essential oils have demonstrated anti microbial properties, and 
their use in foods might be an alternative approach to chemical additives (Peter, 2004). 
Faraj et al. (1989), tested thyme, clove, caraway, cumin, rosemary and sage essential oils 
against three Gram negative and three Gram positive micro-organisms, one acid fast 
bacterium, and one yeast. Thyme and clove were very effective antimicrobial agents. 
This effect was attributed to the presence of compounds with an aromatic nucleus
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containing a polar functional group. One of the most complete studies carried out by 
Deans and Ritchie (1987), tested 50 plant essential oils (from 22 spices) against 25 
different bacteria at 4 different concentrations. The spices with most inhibitory activity 
were bay, cinnamon, clove, thyme, marjoram and pimento. In another study thyme and 
bay leaves were tested against three pathogenic organisms {Salmonella typhimurium, 
Staphylococcus aureus, and Vibrio parahemolyticus). Thyme with a concentration of
0.05 % (w/v) exhibited greatest inhibition against S. aureus, in contrast, bay leaves were 
the least active, requiring a 10-fold higher concentration to inhibit S. aureus.
A number of studies have evaluated the effect of spices on a specific pathogenic 
organism. Mace, bay leaf and nutmeg extracts, at levels of less than 125 ppm, inhibited 
Clostridium hotulinum toxin production in turkey frankfurter slurries (Hall et a l, 1986). 
The inhibition of the germination and growth of three different strains of Clostridium 
hotulinum was examined using a range of herbs and spices, and oregano and clove oils 
were found to be very active. In contrast, pimento and thyme were found to be less active 
and garlic, onion and black pepper were the least active (Ismaeil et a l, 1990). Oregano 
and thyme showed toxic to Vibrio parahaemolyticus at 0.5 %, (Beuchat, 1976).
Thyme, cumin, clove, caraway, rosemary and sage oils were tested against Aspergillus 
parasiticus in 1989, and the effectiveness of the oils against the mould were as listed in 
the above order (Faraj et al, 1989). Benjilali (1984) evaluated the anti fungal properties of 
six essential oils, including thyme, and rosemary, against 39 strains of mould. Thyme 
essential oil was the most inhibitory possibly due to the phenolic compounds present.
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Indeed, Faraj and co-workers (1989) attributed the inhibitory effects to the presence of an 
aromatic nucleus containing a polar functioning group (Benjilali, et a l, 1984). In 
addition, those spices with the higher inhibitory action contained compounds that 
contained phenolic hydroxyl groups. In a separate study testing thymol, eugenol, menthol 
and anethol, on three pathogenic bacteria {S. typhimurium, S. aureus and V 
paraheamolyticus), the overall observation was that eugenol was more active than 
thymol, which was more active than anethol (Karapinar et a l, 1987); Interestingly, the 
inhibitory effectiveness of the compounds was related inversely to their molecular weight
i.e. the longer the side chain on the phenolic ring, the less the antimicrobial activity.
Camosol and ursolic acid of rosemary, have been tested on six strains of food-bome 
bacteria and yeast, and were compared with the activity of butylated hydroxyl anisole 
(BHA) and butylated hydroxyl toluene (BHT) which are known to have both antioxidant 
and antimicrobial activity. Camosol and ursolic acid were effective as inhibitors at lower 
concentrations and more effective than the rosemary extract. In addition, camosol was 
more effective than either BHA or BHT and ursolic acid was more effective than BHT. 
The antimicrobial activities were attributed to the phenolic ring structure of these two 
compounds (Collins and Charles, 1987).
Antimicrobial agents, including chemotherapeutics such as antibiotics, may disrupt 
microbial processes or structures, by restricting cell wall synthesis, inhibiting microbial 
protein and nucleic acid synthesis, disrupting microbial membrane structure and function, 
or blocking metabolic pathway through inhibition of key enzymes. The efficacy o f these
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agents depends on the route of administration, location of the infection, the presence of 
interfering substances, the concentration of the drug in the body, the nature of the 
pathogen, the presence o f the drug allergies, and the resistance of the microorganisms to 
the drug (Lansing et a l, 2005). Nevertheless, the life span of antibiotics derived from 
microorganisms is limited; thus we need to investigate alternative sources, especially 
from plants (Alper, 1998).
Due to the variety of herbs and spices, test medium and microorganism, the herbs and 
spices should not be considered as a primary preservative method, however, they may 
help in preserving foods at refrigeration temperatures where the multiplication is slow 
(Snyder, 1997). In a study carried out by Hammerton et a l (2005), investigating the 
antimicrobial action of oleuropein against Staphylococcus aureus, it was suggested that 
oleuropein has the ability to generate hydrogen peroxide after the phenolic interaction 
with trypton water agar in the presence of oxygen. Another study carried out by Debra et 
a l (2004) showed synergistic effects of the phenolic compounds dihydroxy benzoic acid, 
rutin and carvacrol with nisin against Gram negative bacteria; all compounds showed 
effective inhibition, especially carvacrol individually and synergistically. Carvacrol is 
known to disrupt the cytoplasmic membrane, through its hydroxyl (OH) group collapsing 
the electron motive force within the membrane by acting as a proton translocator (Junven 
et a l, 1994; Ultee et al, 2002). Carvacrol has also been reported to disrupt the outer cell 
membrane of E. coll and S. typhimurium (Helander, et a l, 1998). A list of the major 
classes of plant antimicrobial compounds with their mechanism of actions is shown in 
Table 1.2. (Cowan, 1999).
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Table 1.2. The major classes of plant antimicrobial compounds and mechanism of actions
Class Subclass Example(s) Mechanism
Phenolics
Terpenoids, 
essential oils
Alkaloids
Lectins and 
polypeptides
Polyacetylenes
Simple
phenols
Phenolic
acids
Catechol 
Epicatechin 
Cinnamic acid
Quinones Hypericin
Flavonoids Chrysin 
Flavones
Abyssinone
Flavonols Totarol 
Tannins Ellagitannin
Coumarins Warfarin
Capsaicin
Berberine
Piperine
Mannose-specific
agglutinin
Fabatin
8S-Heptadeca-
2(Z),9(Z)-diene-4,6-
diyne-l,8-diol
Substrate deprivation 
Membrane disruption
Bind to adhesins, complex 
with cell wall, inactivate 
enzymes 
Bind to adhesins 
Complex with cell wall 
Inactivate enzymes
Inhibit HIV reverse 
transcriptase
Bind to proteins
Bind to adhesins
Enzyme inhibition
Substrate deprivation
Complex with cell wall
Membrane disruption
Metal ion complexation
Interaction with 
eucaryotic DNA (antiviral 
activity)
Membrane disruption
Intercalate into cell wall 
and/or DNA
Block viral fusion or 
adsorption
Form disulfide bridges
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1.9 Plants in Kurdistan
The phytogeography of the Kurdish territory is grouped into mainly an Irano-Turanan, a 
Mediterranean and a minor of Saharo -  Sindian element. The Irano-Turanian region is 
divided into the Mesopotamian and Irano-Anatolian sub-regions. The former is the steep 
region which comprises two zones, the dry steep zone with an elevation range of 100-350 
m above the sea level, and an annual rainfall of 200-350 mm, and the moist steep zone 
with an elevation of 300-800 m and annual precipitations of 350-500 mm.
The Irano-Anatolian sub-region is the mountain forest region which also contains two 
zones; the forest zone, restricted between 1750-1800 m above the sea level, with an 
annual rainfall of 700-1400 mm, and the thorn cushion, or sub-alpine zone above the 
timber line with an altitude of 1700-3000 m, with precipitation mostly as snow over 1000 
mm. The third is the alpine region, above 3000 m, with a high precipitation in the form of 
snow. This phytogeographical diversity gives rise to variations in flora and their 
constituents. More than 1280 plant species are present in the Kurdish territory, hundreds 
of which have been recognized as being ethno-medicinal plants used traditionally as a 
source of remedies in Kurdish medicine. The major group of plant organic constituents 
may be classified as primary or secondary metabolites with the former being involved in 
the basic cellular metabolism and the latter being of more limited taxonomic distribution 
without apparent metabolic functions (Abdul Salam, 2003).
Kurdistan-Iraq has been a region with limited accessibility for decades. As this region has 
a considerable number of wild plants over its diverse geographical areas, it is worth
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investigating this region scientifically with the possibility of discovering new species that 
possess important medicinal properties. In the official Iraqi flora (Table 1.3 and Fig. 
1.2.), no reference was given to the presence of Thymbra spicata L. in Sulaimani of 
Kurdistan-Iraq, although the distribution of thymbra in the province is abundant.
Table 1.3. Main species of thyme and thymbra and their distribution in Kurdistan-Iraq
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
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1.10 Thyme
Physical and chemical characteristics
Thyme is a member of Labiatae family with many different species. Thyme is a perennial 
herb with narrow grey-green leaves of about 0.5 cm length, native to the Mediterranean 
region, although it is also grown in Asia, Europe, Africa, America and other countries. 
Thymus vulgaris, the French thyme, is considered as high quality, but commercially the 
Spanish thyme {thymus zygis) is popular.
The genus thymus includes 350 species widely distributed in the temperate zones 
(Demissew, 1993). Besides genetic differences among the species (Pavol, 1997), other 
factors such as geographical altitude; soil composition, plant age and seasonal harvest all 
have a significant impact on the variations in yields as well as characteristic components. 
For instance, in France thyme is harvested twice a year, in May and September, whereas 
in Spain, harvest starts from February through June and in the USA from February to 
May (Englewood Cliffs, 1985).
The species of Thymus serpyllus from Iran and Estonia have been analysed and showed 
significant variations in the amount and quality of the characteristic components. 
Sefidkon et al. (2004) analysed Thymus serpyllum from Iran, before and after the 
fiowering stages and the major components were found to be y-terpinene (21.9 % and
22.7 %), p-cymene (21.1 % and 20.7 %), thymol (18.7 % and 18.7 %) and germacrene D 
(6.0 % and 5.1 %). In contrast the same species. Thymus serpyllum L. (here called wild 
thyme) from Estonia showed oil yield between 0.6 and 4 ml/kg, and the major
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components were (E)-nerolidol, caryophyllene oxide, myrcene, (E)-beta-caryophyllene 
and germacrene D. Interestingly, thymol and carvacrol were not the main components of 
wild thyme grown in Estonia (Raal, et a l, 2004).
Another study carried out by Miguel et a l (1999), characterised essential oils of two 
different species of thyme collected in two different areas at different vegetative stages 
from Portugal, Thymus mustichina contained several monoterpenes, mainly 1,8-cineol 
(40-50 %), followed by camphor and camphene, and the principal sesquiterpenes were 
elemol and P-caryophyllene, whereas in Thymus albicans the main oil component was 
1,8-cineol (50-65 %) followed by bomeol and , k- and (3- pinene.
The antioxidant and anti-microbial activities o f thyme have been extensively discussed, 
for instance in a study carried out by Pian-Vas et a l  (2004), the essential oils of Thymus 
vulgaris, T  zygis subspecies zygis and T  mastichina subspecies mastichina were 
evaluated for antifungal (Candida spp.) activity. The essential oils of T  vulgaris and T  
zygis showed similar antifungal activity, and were better than T mastichina, indicating 
possible use of thymus essential oil for therapeutic trials on mucocutaneous candidosis. 
Gholam et a l  (2004) reported that thymol and eugenol, behaved as antioxidants and 
could change the affinity of the LDL particles for the LDL receptor, probably due to their 
lipophilic properties and this probably could be used clinically, especially in 
atherosclerotic and hypercholesterolaemic cases. In another study. Deans et a l (1993) 
reported that the polyunsaturated fatty acids within the liver of old mice can be protected
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by ingestion of plant volatile oil that contains natural antioxidants and thyme showed the 
most effective protective capacity.
Deans et al. (1993) also showed the beneficial effects of the volatile oil in thyme on 
mammalian fatty acid metabolism; he stated that animals fed a diet supplemented with 
thyme oil showed significantly higher levels of PUFAs particularly arachidonic and 
docosohexaenoic acids, as well as the enzyme glutathione peroxidase, a key enzyme in 
the prevention of lipid oxidation. The author has therefore suggested that plant volatile 
oils are possibly capable of reversing the ageing process during which levels of PUFAs 
decline with concomitant loss of cellular integrity and function, since disease conditions 
such as senile dementia and acute memory loss were considered as result of inadequate 
levels of cellular PUFAs (Deans et al., 1993). There may be a number of mechanisms 
involved in the therapeutic benefit of a single herbal medicine; the clarification of these 
mechanisms will provide a foundation for the efficacy and safety of the medicinal herb 
(Borchers, et al 1997).
Thymus spp. in Kurdistan-Iraq grow in dry stony places on overgrazed mountain slopes, 
in open coppiced oak forest, on rocky limestone slopes and red marl banks, on the 
sandstone slabs in the foot hills, also in sandy places in valley beds in the steppe, with an 
altitude of 500-900 m. The distribution of the genus thyme and its species can be found at 
several regions in Sulaimani province such as Qaradakh, Sharbazher, Hawraman and 
Dokan, and in a water bed on the planes of Arbil. Thyme comes under different names in 
Iraqi Kurdistan, such as Jatira, Hazbe and Hezbela, perhaps it has different names in
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Bahdinan region where it borders with Turkey. It is therefore necessary to carry out a 
comprehensive scientific survey in all the regions for its distribution and species 
identification. Thymus syriciacus is found in stone rich and rock slab areas as well as in 
water beds among the pebbles. The harvesting period is from middle of May to middle of 
July, and in full flowering (white petals) stage in June. Since the species is not perennial, 
when we visited the colony in October 2007, we did not find traces of the plant, unlike 
thymbra which was in fully seeding stage (Fig. 1.3.).
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Fig. 1.3. Thymus syriacus Boiss. var syriacus at flowering stage Daremian - Sulaimani 
The species and distribution of thyme in Kurdistan mentioned in the flora of Iraq, are 
listed in Table 1.3.
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1.11 Thymbra:
Since the last decade, many studies have been carried out on the genus Thymbra, but 
there is not much information about it in the scientific literature, including those that are 
published recently and those electronically available. In many reliable references there is 
a section for a list of herbs and spices with their details, but almost always thymbra is 
excluded. Although the genus thymbra was identified some decades ago (as it was 
mentioned in flora of Iraq) it does not seem a well documented member in the botanical 
club. It is possible that the genus has come under other names, as it is called black thyme 
or thyme in Turkey, Syria and Iraq, although it has a completely different chemotype. In 
Southeast Anatolia, T. spicata var. spicata is known as “Sater” or “Zater” (Baytop 1984) 
which is the Arabic equivalent for thyme.
Thymbra is a member of Labiatea family, and is a perennial plant; the flowers are 
hermaphrodite and are pollinated by insects, especially bees (Toncher and Kizkil, 2005). 
Thymbra spicata can be found in the wild in all the regions in Kurdistan-Iraq and this is 
well documented in flora of Iraq, Vol. 1. It is traditionally added with boiled wheat and 
chick peas and used for many medicinal purposes. Davis (1982) stated that Thymbra 
spicata is naturally found in the wild in Thracian, Aegean, Mediterranean coastal and 
Southeast Anatolia areas and the genus thymbra in Turkey is represented by four taxa 
belonging to T. spicata var. spicata and T. spicata var. intricate species (Davis, 1982).
Thymbra grows on the mountains, on hill sides as well as in gardens, preferably in a clay 
loamy, stone rich but moist soil with good sunlight exposure. It also grows in semi-shade
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areas. Thymbra can grow at different altitudes, from a few hundred metres to about 1900 
m. Thymbra leaves appear in April, followed by flowers (violet petals) between June to 
the middle of July, and produces seeds in about October (Fig. 1.4). Being a perennial 
plant, the second harvest of leaves is carried out in mid of November and this can change 
according to geographical locations.
Hancil et al. (2003) analysed the volatile oil of Thymhra spicata (which they incorrectly 
called thyme) and found the yield to be 1.57 % under optimum conditions. The volatile 
oil comprised of 53.1 % oxygenated compounds, 25.7 % monoterpene hydrocarbons, 4.4 
% sesquiterpenes, and 14.1 % jp-cymene. In another study, the volatile oil extracts of 
Thymbra spicata L. and Satureja thymbra L. were analyzed by Feisher et al. (2005), who 
reported that except for the thymol/carvacrol ratio, the other volatile components of both 
species were very similar. The major componenets were thymol, carvacrol, y-terpinene 
and p-cymene, P-caryophyllene, caryophyllene oxide, thymohydroquinone and 
thymoquinone.
The antioxidant and antimicrobial properties of thymbra spp. have been tested by many 
researchers, for instance Falerio et al. (2005) tested the essential oil of Thymbra capitata 
L. (Cav.) and Origanum vulgare L. for antibacterial and antioxidant activities and 
showed that the essential oil of T. capitata had significantly higher antioxidant activity 
than that of O. vulgare, and effectively inhibited L. monocytogenes growth in food. 
Bozkur (2005) found Thymbra spicata oil, the most effective antioxidant in a comparison 
of the effects of sesame and Thymbra spicata oil in Turkish dry-fermented sausage.
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The antioxidant properties of Thymhra capitata has been examined using 
sunflower and olive oil against BHT. In this study Thymbra capitata was shown to be a 
better anti ox id ant in a sunflower oil system compared to BHT, but BHT was the best 
when olive oil was used (Martins et al, 2003). In a comparison study between Thymbra 
capitata, Thymus mastichina and Thymus camphorates essential oils, and BHA and BHT, 
on peanut and sunflower oils, it was shown that the essential oils and butylated 
hydroxyanisole (BHA) had weak free radical scavenging activity in peanut oil compared 
to butylated hydroxytoluene (BHT), whereas in sunflower oil, all the essential oils and 
the synthetic antioxidants exhibited relatively low free radical scavenging (Miguel et al., 
2005). The fatty acid compositions of the tested oils (olive oil, peanut oil and sunflower 
oil) vary in terms of the degree of saturation. In addition, the components and phenolic 
content of the volatile oils are dependant on many factors as mentioned previously this 
will affect their activities. The species and distribution of thymbra in various regions in 
Kurdistan are shown in Table 1.3. Preliminary studies by Avci et al. (2006) showed that 
ethanolic extracts of Agrostemma githago, Thymbra spicata and Viscum album had 
potent hypocholesterolaemic activity in mice fed with a diet containing high-cholesterol.
gOOfU' G 18
Fig. 1.4. Thymbra spicata L. a) seeding stage - Sulaimani, b) flowerinf stage -  Arbil.
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1.12 Aims of this study:
a. To identify whole pressed herbs from Kurdistan-Iraq.
b. To characterize thyme and thymbra for their chemical components.
c. To measure the antioxidant activity of the herbs in an oxidising oil system.
d. To measure the antioxidative role of the herb volatile oils in low density 
lipoprotein
e. To measure the antimicrobial activities of the herbs in vitro.
f. To measure the anti microbial activities in milk.
g. To measure the toxicity of the herbs using caco-2 cell and endothelial cell 
cultures.
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CHAPTER TWO
CHAPTER 2
CHARACTERIZATION OF THE VOLATILE OIL CONTENT AND 
COMPOSITION OF THYMUS SYRIACUS BOISS. VARSYRIACUS 
AND THYMBRA SPICATA L. BY GAS CHROMATOGRAPHY (GC) 
AND GC-MASS SPECTROMETRY
2.1. Introduction
Herbs have been used for the treatment of a variety of diseases for thousands of years 
although the advent of synthetic drugs in the nineteenth century resulted in a shift in their 
medicinal use (Dahanukar et a l, 2000; Exarchou et al, 2002). Most recently, however, 
owing to the increased interest and commercialization of botanical products, many herbs 
and spices are currently being evaluated for their potential health benefits. Natural 
antioxidants are known for their capacity to protect cells from oxidative stress which may 
contribute to a delay in the ageing process, in the prevention of degenerative diseases and 
a reduction in cancer rates (Yanishlieva et al, 1999). As such botanical products from 
around the world may provide an important untapped source of useful compounds.
Recently the search for natural antioxidants and/or anti-microbial products has received 
an increasing interest (Zheng & Wang, 2001). Efforts have been made to find safe, potent 
and available antioxidants from various natural resources with the aim to replace some of 
the current range of synthetic compounds. The driving force behind this is, in part due to
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the public preference for natural products which in turn impacts upon the interests of the 
food and drug industries in this area. Herbs and spices have been targeted as sources of 
safe natural antioxidants (Yanishlieva et al, 2006). The antioxidant properties of spices, 
fruits, nuts, leafy vegetables and wild herbs, for instance, rosemary, thyme and summer 
savory, have been studied (Lee et a l, 2005). Many of the extracted essential oils have 
been used as herbal remedies, and the recent resurgence in this field has highlighted the 
scientific role of monoterpenes and their economic significance (Castleman, 2003; 
Heinrich, 2003).
Thyme volatile oil (VO) has been reported to be among the top ten essential oils that 
show antibacterial, anti-mycotic, antioxidant, food preservative and age delaying 
properties (Letchamo & Gosselin, 1995; Jackson & Hay, 1994). In view of this and the 
fact that herbs are used widely in Kurdistan-Iraq, two herbs that grow in the wild, 
namely, Thymbra spicata (Fig. 2.1) and Thymus syriacus (Fig. 2.2) were collected 
between the middle of June - July 2006 and during the same period in 2007 and 2008, 
from different regions of Kurdistan-Iraq. These herbs were then investigated in terms of 
the amount of VO present (%) in the shade-dried herbs by hydro-distillation and their 
aromatic chemical composition by gas chromatography.
2. Materials and methods
2.1 Standards, solvents and extraction apparatus
Terpene and terpenoid standards (thymol, carvacrol, y-terpinene, borneol, myrcene, 1,8 
cineol, a-terpineol, a-terpinene, linalool, a-pinene, thujone, ^-cymol, thymoquinone, p-
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cymene, nerolidol, camphor, (3-caryophyllene and caryophyllene oxide) were purchased 
from Sigma-Aldrich Ltd. (Poole, Dorset, UK). The solvents dichloromethane (DCM), 
hexane and methanol were purchased from Fisher Scientific Ltd. and were all HPLC 
grade. Milli-Q water was used in all experiments. The Clevenger apparatus with a double 
condenser was purchased from Fisher Scientific Ltd. (Loughborough, UK).
2.2 Plant material
Thyme and thymbra were collected from the highlands and plains of Qaradagh (altitude 
1100 m) and Bakrajo (altitude 650 m) in the Sulaimani province, and Shaqlawa (altitude 
900 m) and from water beds (altitude 400 m) in Erbil province from Kurdistan-Iraq in 
June/July 2006, 2007 and 2008. In total ten specimens of the aerial parts of each herb, at 
each elevation, were collected. Both thyme and thymbra samples were shade dried for 
one week at ambient temperature (20-22 °C) prior to packing in air-tight plastic 
containers and carriage to the UK for further processing.
Fig.2.1. Thymbra spicata L. a) Flowers, b) Qaradakh - Sulaimani c) Shaqlawa -  Erbil.
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Fig. 2.2. Thymus syriacus Boiss. Var. Syriacus a) Flowers, b) in a rockery hill of 
Darewian -  Sulaimani and c) in a water bed in Erbil in Kurdistan-Iraq.
2.3 Herb identification
Whole specimens of each of the herbs were pressed, brought to the UK and subsequently 
identified at the Royal Botanic Gardens, Kew, UK.
2.4 Isolation procedure
The dried leaves and flowers of each of the herbs were carefully removed by hand from 
the stems and stalks. For each herb, the VO was extracted either from the whole leaves 
and flowers or from the same plant material after grinding/pulverisation. Grinding was 
carried out in a (Morphy Richards blender-mill, UK) using replicates of 25 g of each 
dried herb. The duration of grinding procedure used was 5 min. The resultant plant 
material was immediately transferred into a 1 litre round bottomed flask. The ground 
herbs were mixed with 600 ml Milli-Q water and distilled at 80 °C for 4 h in the 
Clevenger apparatus using anti bumping granules (according to the standard BP method). 
After hydro-distillation, the system was cooled to room temperature (20-22 °C) and the 
volatile oil was measured in the graduated trap. The VOs were collected using a glass 
Pasteur pipette and dispensed into a glass vial and stored at -20 °C until further analysis.
34
The same procedure of hydro-distillation was applied to whole leaves and flowers 
(combined) of both thyme and thymbra.
2.5 Gas chromatography
The gas chromatograph (GC) used was an Agilent 6890 GC with a flame-ionization 
detector (Agilent, Santa Clara, USA). The column used was an SGE BPX5 column (25 m 
X 0.22 mm i.d. and 0.1 pm film thickness; SGE International, Ringwood, Australia). The 
temperature of the injection port was 250 °C and the temperature gradient ran from 50 °C 
to 250 °C at a rate of 5 °C / minute. The carrier gas was nitrogen.
All standards and the VO extracts were analysed by GC under the same conditions. 
Solutions containing 0.5 % (v/v) of each individual terpen(oid) standard were prepared in 
DCM. Mixtures of all the standards were also prepared and analysed by GC. Similarly a 
range of dilutions (i.e. 5 %, 10 % and 25 % (v/v)) of each of the herbal VO extracts were 
prepared in DCM in order to facilitate in the identification of the components. This was 
found to be necessary for the confirmation of both the major and minor components 
present. All samples were analysed in triplicate.
Experiments were also conducted to assess the effects of the two different solvent(s) on 
the retention time of the standard terpen(oid)s and the components of each VO extract. 
Standard solutions 5 % (v/v) of standards were prepared in two different solvents, namely 
DCM and hexane. Similarly, the VO extracts (50 %, v/v/) of both the ground herbs were 
dissolved in hexane and DCM.
35
2.6 Gas-chromatography-mass spectrometry
All standards and the VO extracts were also analysed by GC-MS (HP G1800A GCD 
system) using essentially the same conditions as those used for GC. The gas 
chromatograph used was an Agilent 6890 GC with a flame-ionization detector (Agilent, 
Santa Clara, USA). The column used was an SGE BPX5 column (25 m x 0.22 mm i.d. 
and 0.1 pm film thickness; SGE International, Ringwood, Australia). The temperature of 
the injection port was 250 °C and the temperature gradient ran from 50 °C to 250 °C at a 
rate of 5 °C / minute. The carrier gas was helium and the temperature of the mass 
spectrometer was 375°C.
2.7 Identification of components
A list of components anticipated to be present in the VO extracts of Thymus syriacus and 
Thymhra spicata are shown in (Table 2.1). All components were identified by 
comparison of their mass spectra with those obtained from authentic standards and /or the 
NIST mass spectral database. Retention times were also used when, in some instances, 
the mass spectra were very similar (i.e. for differentiation between thymol and carvacrol). 
The percentage of identified components in the VOs was always greater 95 %.
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Table 2.1. Standard chemical aromas, molecular weights, chemical formulae and structures.
Standards Molecular
Weight
Chemical
Formulae
Chemical Structure
Carvacrol
Thymol
^-Cymene
o-Cymene
y-Terpinene
a-Terpinene
Myrcene
a-Pinene
Camphor
Thujone
a-Terpineol
Linalool
1,4-Cineol
Borneol
Thymoquinone
P-caryophyllene
Caryophyllene oxide 
Nerolidol
150.22
150.22
134.22
134.22
136.23
136.23
136.23
136.23
152.23
152.23
154.25
154.25
154.25
154.25
164.20
204.35
220.35
222.37
CioHmO
C10H14O
C 1 0 H 1 4
C 1 0 H 1 4
C 1 0 H 1 6
C 1 0 H 1 6
C 1 0 H 1 6
C 1 0 H 1 6
CioHieO
CioHieO
CioHigO
CioHigO
C i o H i g O
C i o H i g O
C10H12O2
C 1 5 H 2 4
C 1 5 H 2 4 O
C 1 5 H 2 6 O
HjC. ,CHj
o r
ÇH3
C H j
H , C  "  C H j
ÇH3
ÿ -
H3C. PH
H3C. CH3
H3C
HsC
CHs
CH3
H,(
,CHj
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2.8 Statistical analysis
Three trials of triplicate samples were used, from which the mean values, the standard 
deviation (SD) and the co-efficient of variation were calculated and recorded. The extent 
of the VO extraction was compared for the herbs obtained at different locations, using the 
unpaired ^-test with Welch’s correction (not assuming equal variance).
2.3 Results and discussion
The correct identification of herbs, particularly of the Labiatae family, is of paramount 
importance when studying their VO content and composition. For the herbs analysed in 
this study, specimens were collected from the various regions within Kurdistan-Iraq and 
brought to the UK for confirmation of their identity. The samples that were considered to 
be from the Thymus genus were identified as Thymus syriacus and the samples that were 
considered to be from the Thymhra genus were judged to be Thymbra spicata. 
Nevertheless, it has been observed that there has previously been some misidentification 
of thymbra species, which have been incorrectly classified as thyme (Hand et a l, 2003). 
This misidentification has also reported by Meriçli and Tanker (1986), stating that in 
Turkey there are over fifty herbs which have been considered to be thyme and although 
some belong to the Thymus genus, others belong to other genera of the Labiatae family 
such as Origanum, Satureja and Thymbra. This may in part be due to some physical 
similarities that exist between the herbs despite some obvious chemotypic differences. 
Furthermore, the fact that Thymbra is a relatively newly characterized herb in the 
agricultural and botanical sciences may also explain some of the misclassification. 
Indeed, although Thymbra was mentioned in the first volume of Flora of Iraq (Guest,
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1966), the earliest characterisation of Thymhra spicata was only carried out in the mid- 
1980s (Ravid & Putievsky, 1985). It may well be the case that describing Thymbra 
species as Thyme is related to the level of general knowledge in the identification of this 
herb; nevertheless this should be correctly addressed in the scientific literature.
The average VO yield obtained from the whole leaves and flowers of Thymus syriacus 
and Thymbra spicata gathered at high altitude was 3.75 ± 0.10 % and 4.15 ± 0.15 % 
(ml/lOOg), respectively (Table 2.2). For specimens gathered at low altitude the values for 
thyme and thymbra VO content were 2.52 ± 0.12 % and 2.72 ± 0.08 %, respectively. 
These data cover the crops collected in both 2006 and 2007 (results for 2008 will be 
discussed later) and it is worthwhile noting that the VO yields are higher that those 
typically obtained from thyme species although unfortunately no electronically available 
data exists specifically for Thymus syriacus (Table 2.2).
Table 2.2. Effects of altitude and grinding on the VO content in Thymus syriacus and 
Thymbra spicat L. for the crops harvested in June-July 2006 and 2007. For 2008, the VO 
yields were remarkably increased to 6.25 ± 0.5 % and 6.0 ± 0.3 % for thyme and thymbra 
respectively.
Herb species Altitude (m) % VO whole % VO ground
Thymus syriacus 900 3.75 ±0.1 3.48 ± 0.08
400 2.52 ±0.12 2.23 ±0.14
Thymbra spicata 1100 4.15 ±0.15 3.72 ± 0.08
650 2.72 ± 0.08 2.45 ±0.1
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Information is available, however, for other species; for instance. Dewick (2006) stated 
that the VO yield of fresh flowering tops of Thymus vulgaris is between 0.5 and 2.5 %, 
and this comprises thymol (40 %), p-cymene (30 %), linalool (7 %) and carvacrol (1 %). 
Interestingly, the British Pharmacopoeia (Dewick (2006), states that Thymus vulgaris 
contains not less than 1 % VO, where thymol and carvacrol are the principal components. 
The same reference also highlights that Thymus serpyllus contains approximately 0.6 % 
VO, comprising /7-cymol, carvacrol, thymol (1 %) and a-pinene. The VO yields and 
composition of the herbs tested in this study are compared to the same species or their 
counterparts (Table 2.5).
The results of the VO content of Thymhra spicata obtained in this study are within the 
expected range obtained in previous studies. However, it is evident that the VO yields 
reported previously extend over a broad range. For example, under optimum conditions 
(Hanci, et al., 2003) revealed a VO yield of 1.57 % whereas Ozel, et al. (2003) extracted 
2.5-3.5 % VO using temperatures of 100-175°C. (Muller-Ribau, et al., 1997) on the other 
hand reported particularly high VO yields (3.1-10.8 %) from Thymhra spicata, attributing 
this increased yield to the stage at which the herb was harvested.
The average VO content obtained by hydro-distilling ground thyme and thymbra was 
slightly lower than that obtained from the whole herbs (Table 2.2). Interestingly, this is in 
line with a study carried out by Hanci et al. (2003), who highlighted that grinding, may 
have an adverse impact on the VO yield. Indeed, in the present study, the yield of VO of 
each herb was decreased by approximately 0.25 ± 0.05 % when the herb was hydro­
40
distilled in the ground form. It is possible that some of the smaller molecular weight 
components in the VOs were lost due the heat generated during the grinding stage. 
Indeed, on closer scrutiny of the grinding process it was observed that the temperature 
increased from 21°C to 34°C by the end of grinding. Furthermore, the increased surface 
area to which the herbs would be exposed after grinding could mean that the lighter 
mono-terpenes would be released from the plant tissue more easily. The grinding 
practice, which is mainly applied to spices such as coriander, cumin, clove, aniseed, 
fennel and dill, could have a significant impact on their acceptability in the trade of these 
oils as VO content is indicative of the age of the crop as well as the storage conditions. 
This is especially true for those spices with a low VO content such as coriander seeds 
(0.25-0.05 % v/w). It may therefore be helpful to use a modified cryogenic method in a 
closed system to minimize losses if the herbs are ground prior to hydro-distillation.
In this study it was observed that the altitude at which the herbs were harvested had a 
significant effect on the VO yield (p<0.05. Table 2.2). Thyme samples were collected 
from the rocky hills of Darewean (Sulaimani, altitude 900 m) and from the Planes of 
Erbil (altitude 400 m). Thymbra was collected at from Qaradagh (1100 m) and Bakrajo 
(650 m). The reason for the observed differences in VO yield at the different altitudes is 
not clear, however, factors such as temperature and extent of ultra-violet (UV) exposure 
may have a role. Temperatures tend to be lower at higher altitudes and this may reduce 
the loss of the VOs from the aerial pars of the plant. Furthermore, the intensity of UV 
radiation is higher with increasing altitude which may in turn increase the herb’s 
production of UV-absorbing secondary metabolites. Salam (2004) showed that thyme 
grown at higher altitudes contained more essential oil than the same herb grown at lower
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altitudes. Unfortunately, however, the actual amounts were not reported. Furthermore, 
Lavola (1998) observed that UV-B irradiation resulted in a significant increase in the 
amount of flavonoids present in the leaves of Betula species compared to the control. UV 
irradiation has also been shown to increase the concentration of terpenoids in thin-sliced 
cantaloupe. However, the authors stated that UV exposure was not considered as the sole 
factor responsible for the enhanced terpenoid levels and that some of the differences 
observed were also cultivar and maturation-dependent (Beaulieu, 2007). Nevertheless, 
the findings are in line with the recent studies of Hazzit et al. (2009) who demonstrated 
that T. algeriensis collected at altitudes of 800 m and 1500 m produced VO yields of 0.4 
% and 0.7 %, respectively. Indeed, this difference in yield at the different altitudes is in 
line with that observed for Thymus syriacus in the present study. Similar altitude related 
effects have been observed for the essential oil yields obtained from rosemary 
(Sotomayor et al., 2009).
The yields of thyme and thymbra VOs from the 2008 crop at low altitude are particularly 
interesting. In 2008 there was a serious drought in the Kurdistan-Iraq region and it is 
apparent that this is associated with a significant increase {p < 0.05) in the VO contents of 
thyme (6.25 ± 0.5 %) and thymbra (6.0 ± 0.3 %), respectively. This finding is in 
agreement with (Sangwan et al., 2001) who have stated that the quantity of terpenes in 
plant essential oils are influenced by environmental factors such as light quantity; rainfall 
and nutrient availability, as well as the growth stage of the oil producing tissue. The 
observation is also in agreement with Bettaieb et al. (2009) who investigated the effect of 
water deficit on the essential oil composition of Salvia officinalis. They reported that
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drought conditions (50 % water deficiency) for two months increased the VO yield of 
Salvia officinalis from 0.39 % to 1.77 %. More severe drought conditions, however, 
resulted in a reduced VO content (1.01 %). Other researchers have reported similar 
results for other herbs such as parsley (Petropoulos et al., 2008) and sweet basil (Khalid, 
2006). Contrastingly, Singh and Ramesh (2000) reported that water deficit caused a 
decrease in oil yield from rosemary and similar results have been reported for anise 
(Zehtab-Salmasi et ah, 2001). Simon et ah (1992) reported a 50 % increase in the 
formation of sweet basil oil after 21 days of water deficiency and similar increases have 
also been observed in higher plants (Turtola et nr/.,2003).
The effect of the solvent used (DCM or hexane) to dissolve both the standards and VOs 
was investigated in terms of their effects on the retention time of the compounds eluted 
on the GC. It was observed that the retention times were indeed very similar, with some 
slight variations especially in the retention times of the standard terpenoids (Table 2.3). 
The main difference was observed for standards prepared in hexane where no 
caryophyllene oxide or thymoquinone could be identified on the chromatogram. These 
results led to the use of DCM to dissolve the VOs and the standards for the analysis.
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The retention times of the components present in the VO extracts were compared to 
retention times of standard terpen(oid)s analysed by GC. Further analysis was also 
conducted by GC-MS and more than 95 % of the VO components of each herbal VO 
were identified. The components of the VOs of Thymus syriacus and Thymhra spicata 
(Table 2.4.) included phenolic and oxygenated terpenes (85.5 and 74.4 %), hydrocarbon 
terpenes (9 % and 20 %) and sesquiterpenes (1.7 % and 1.6 %), respectively. The 
components identified in thyme and thymbra were carvacrol (9.0 % and 74.0 %), thymol 
(74.1 % and 0.2 %), y-terpinene (2.0 % and 10.7 %), />-cymene (5.3 % and 7.5 %), P- 
caryophyllene (1.7 % and 1.6 %), a-terpinene (1.7 % and 0.5 %), myrcene (0.5 % and 1.0 
%), a-pinene (0.5 % and 0.4 %) and borneol (2.4 % and 0.2 %), respectively. Thymhra 
spicata analysed in this study is comparable to the same species analysed by Bayder 
(2004) with the carvacrol content in the present study being towards the higher part of the 
range (52.8-75.5 %) of the reported studies on thymbra (Table 2.5). Besides the obvious 
differences observed between thyme and thymbra in terms of the main constituents, i.e. 
thymol (74.1 %) and carvacrol (74 %), respectively, thyme was also found to contain 9.0 
% of carvacrol. This increased the proportion of oxygenated terpenes in thyme markedly 
and may explain the enhanced antioxidant and anti-microbial activities observed (D. 
Jamil, unpublished observations). Furthermore, the borneol content of thyme was also 
higher than that found in thymbra (Table 2.4). Thymbra contained only 0.2 % of thymol, 
whereas the y-terpinene content of thymbra was over five fold higher than that observed 
for thyme.
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Table 2.4. The VO profiles of Thymus syriacus and Thymbra spicata L. as were 
compared to the retention times (Rt) of the standard solutions of the terpen(oid)s using 
GC and GC-MS. The values are the mean ± SD.
Standard terpenoids Standards
Rt/min
Thymbra Thyme
Rt/min % in VO Rt/min % in VO
a-Pinene 9.09 9.05 0.4 ±0.1 9.08 0.5 ±0.1
p-cymene 9.88 9.78 7.5 ±0.25 9.80 5.3 ± 0.2
Myrcene 11.0 10.96 1.0 ±0.1 10.98 0.5 ±0.1
a-Terpinene 12.01 11.97 1.5 ±0.3 11.99 0.7 ±0.1
y-Terpinene 13.43 13.41 10.7 ±1.1 13.42 2.0 ± 0.3
Borneol 17.64 17.66 0.2 ±0.1 17.65 2.4 ± 0.3
Thymol 21.7 21.71 0.2 ±0.1 21.79 74.1 ±2.2
Carvacrol 22.05 22.05 74.0 ±3.5 22.07 9.0 ± 1.5
p-Caryophyllene 24.44 24.40 1.6±0.1 24.4 1.7 ±0.2
Several repeated analyses were necessary for correct terpen(iod) identification, and this 
was in part due to the isomeric nature of some of the compounds being analysed. For 
instance, the retention time of a-terpinene (11.99 min.) was very close to that of 1,4- 
cineol (12.07 min.) and the true identity had to be confirmed by the patterns of the 
fragmentation observed with mass spectroscopy. Indeed, the majority of the compounds 
had to be identified using this approach. However, MS did not help in the identification 
of the two main isomers present, namely, thymol and carvacrol. Indeed, the MS results of 
these two isomers showed the same pattern of fragmentation (Fig. 2.3), and this is in line 
with the NIST chemistry web book (http://webbook.nist.gov/chemistry). As a result these 
isomers could only identified through their different retention times.
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Fig. 2.3 . Identical mass spectrum of a) thymol and b) carvacrol using GC-MS.
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Several factors can affect VO composition. These include environmental conditions, 
including soil composition and natural habitat (Dimitrios et ah, 2005). Differences in the 
chemical aromas are also affected by the stage of growth in the plant cycle. Indeed, the 
formation of phytochemicals has been shown to relate with the vegetative cycle of 
Thymus hyemalis (Jordan et al, 2006). They found a synchronised pattern of variation 
between thymol and its precursors y-terpinene and j9-cymene in an order as y-terpinene 
f-cymene thymol/carvacrol. The thyme species used in this study is an annual plant 
which grows only until September. In contrast, Thymhra spicata is a perennial herb 
which has a second phase of vegetation during October-November. Thus the high content 
of thymol and its isomer carvacrol in thyme could be explained by the fact that this herb 
was at the end of the full blooming stage in which the biosynthesis of terpenoids 
culminated in over 90 % of oxygenated terpenes. Thymbra spicata contained a high 
amount of y-terpinene (10.7 %), the precursor for the oxygenated chemotypes and this 
may be due to the effect of the mid-blooming stage on terpenoid biosynthesis, resulting in 
relatively low content of oxygenated terpenes. The variation of the VO yield and their 
chemical composition of Thymus syriacus compared to Thymus vulgaris and Thymhra 
spicata in some geographical areas are shown in Table 2.5. It is interesting to note the 
different compositions of the same thyme species at different regions. Furthermore, other 
thyme species like Thymus albicans showed to contain higher oil yield (3.1 -  7 %) of 
which composed of «66% 1,8 cineol (Miguel et a l, 2004).
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It has been reported that two different enzymatic systems are responsible for the 
biosynthesis of terpenes. One takes place in the cytosol generating most of the 
sesquiterpenes, triterpenes and sterols through the acetate / mevalonate pathway and the 
other system takes place in the plastids generating the essential oil monoterpenes, 
diterpenes and carotenoids from glyceraldehyde-3-phosphate and pyruvate through 1- 
deoxyxylulose 5-phosphate (Humphrey and Beale, 2006). One of the major challenges of 
molecular biology is to understand the nature and the communications between the two 
separate systems in plants (Lichtenthaler, 1999; Eisenreich et «/.,2004).
5. Conclusion
This study confirms that the major VO constituent in thymus syriacus is thymol and the 
major VO constituent in thymbra spicata is carvacrol. In view of this there should be a 
strict taxonomic system for herbal identification at both national and international 
standards, so a systematic and integrated knowledge can be ensured in the scientific 
literature. Furthermore, the isomers, thymol and carvacrol could not be identified by mass 
spectroscopy alone due to their identical patterns of fragmentation; however they were 
identified through their very close retention times using GC.
It may be advantageous to extract VOs from herbs and some spices in the whole and not 
in the ground state, unless a modified apparatus is used to minimise the VO losses due to 
grinding. The VO yields from both thyme and thymbra in Kurdistan-Iraq are relatively 
high, compared with most of those reported in the literature. The altitude and 
geographical habitat of the herbs is considered to cause some of the variations observed
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in the volatile oil yield. As substantial quantities of both thyme and thymbra grow 
throughout Kurdistan, they provide an abundant natural resource with economical 
potential.
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CHAPTER THREE
CHAPTERS
AN INVESTIGATION INTO THE ANTI-OXIDANT PROPERTIES 
OF VOLATILE OILS EXTRACTED FROM THYMUS SYRIACUS 
BOISS, VAR. SYRIACUS AND THYMBRA SPICATA L. 
ORIGINATING FROM KURDISTAN-IRAQ
3.1. Introduction
Antioxidants are important ingredients in food processing. They inhibit oxidative 
rancidity in oil and fat-based foods, particularly meat, dairy products and fried foods. 
Furthermore, some studies report their role in modulating events associated with 
cardiovascular disease and cancer that may also be important. Although synthetic 
antioxidants can be used to delay or prevent lipid oxidation, consumers prefer natural 
additives that produce the same effects. The major trend therefore in the food industry 
has been a shift from the use of synthetic antioxidants to natural ingredients in food 
products (Pokomy et al., 2006).
There is a worldwide public trend to use natural additives in foods, drugs and cosmetics 
as opposed to synthetic compounds. As a result, herbs and spices have become amongst 
the major targets in the search for natural and safe anti-oxidants (Yanishlivea et al., 
2006). Since ancient times to the present day, herbs and spices have been widely accepted 
for their potential anti-oxidant, anti-microbial, anti-viral and other beneficial biological 
properties.
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Herb extracts have been investigated for their antioxidant activities by many researchers, 
obtaining different results according to the substrate system used, for instance Martins et 
aï. (2003) examined the antioxidant properties of VOs of Thymbra capitata, Origanum 
vulgare, Calamintha haetica and Thymus mastichina using sunflower and olive oil as 
substrates of oxidation. They showed that Thymbra capitata was a better antioxidant in 
the sunflower oil system compared to BHT. However, when olive oil was used, BHT was 
the better antioxidant (Martins et ah, 2003). In another study, Miguel et al. (2005, 
reported the essential oils of Thymbra capitata, Thymus mastichina and Thymus 
camphorates showed weak free radical scavenging ability in peanut oil compared to 
butylated hydroxytoluene (BHT), whereas in sunflower oil, all the essential oils and the 
synthetic antioxidants exhibited a relatively low free radical scavenging effect.
The antioxidant activities of herbal extracts have also been tested in a food system. Here 
the effects of sesame and Thymbra spicata oils were tested for safety (biogenic amine, 
TBARS values) and quality (pH, colour and sensory attributes) during the manufacture of 
Turkish dry-fermented sausage. The results of this study demonstrated that Thymbra 
spicata oil was the most effective antioxidant (Huseyin Bozkurt, 2005).
Preliminary studies by Avci et al. (2006) demonstrated that ethanolic extracts of 
Agrostemma githago, Thymbra spicata and Viscum album had potent 
hypocholesterolaemic activity in mice fed a diet containing high-cholesterol. In a study 
carried out by Gholam et al. (2004) it was demonstrated that some volatile compounds 
particularly thymol and eugenol have properties that can change the affinity of the LDL
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particles for the LDL receptor, probably due to their lipophilic properties. Such findings 
can be considered clinically relevant especially in atherosclerosis and 
hypercholesterolaemia.
The importance of antioxidants in clinical biochemistry indicates the relevance of 
measuring free radical activity and antioxidant activity due to the advanced knowledge of 
their involvement in cardiovascular, neurodegenerative and chronic inflammatory disease 
and cancer as was reviewed in the Lancet and in the Annals o f  Clinical Biochemistry 
(Rumley and Paterson, 1998). Since antioxidants have such a diverse application of 
different systems in our life, it would be useful to discuss the origins of free radical 
formation, their detrimental effects on the lipid based sources especially polyunsaturated 
fatty acids (PUPA) and the established models of antioxidants actions to prevent the 
damage.
3.1.2 Anti-oxidants and Reactive Oxygen Species (ROS)
An anti-oxidant is defined as “any substance, if  present at low concentrations compared 
with that of an oxidisable substrate, which significantly delays or prevents oxidation of 
that substrate” (Halliwell and Gutteridge, 1999). Antioxidants are added to lipid based 
foods to prevent lipid oxidation. Lipid oxidation can be initiated by free O2, heat, 
transitional metal ions, sunlight or ultra violet radiation, or physiological processes in 
vivo resulting in ROS formation. ROS are short-lived species that are difficult to measure 
in vivo, but their presence in cells and tissues has been demonstrated by a number of 
methods (Armstrong, 1998). ROS include free radicals and reactive non-radicals such as
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singlet oxygen C ^i), hydrogen peroxide (H2O2) and transitional metal ions such as Cu^ "^  
and Fe^ "^ . A free radical is defined as any species capable of independent existence that 
contains one or more unpaired electrons (Halliwell and Gutteridge, 1999). The most
important free radicals in biochemistry are superoxide radical (O2 ’), hydroxyl radical
( OH), peroxyl radical (ROO*), hydroperoxyl radical (HO2 ) and the alkoxyl radical (RO*)
(Rahimuddin, 2006). The superoxide radical is considered the most important as a 
precursor to other free radical products (Diplock et al., 1998).
Free radicals have detrimental effects on fat containing foods, particularly long chain 
polyunsaturated fatty acids (PUFAs), that contain several double bonds which are highly 
susceptible to oxidation (Hughes, 1999). Therefore anti-oxidants have a major role in 
human nutrition because of high concentrations of lipid free radicals, both in food and in 
vivo after food ingestion (Pokomy, 2007). Antioxidants can scavenge ROS, which are 
known to degrade lipid molecules of cell membranes, proteins and DNA, (Kilgman, 
2000). Thus, food components that delay or prevent biomolecules oxidation are relevant 
in shelf life extension as well as disease prevention (Brown and Kelly, 2007).
Generally, the process of lipid oxidation in lipid and foods containing lipids, such as 
meat, milk and dairy products, consists of three main stages namely, initiation, 
propagation and termination (Fig. 3.1.). This results in the generation of a large number 
of degraded lipid products (Howell and Saeed, 1999). In the first step, under the action of 
the initiator, the unsaturated fatty acid is oxidized producing an alkyl radical (L*). In 
aerobic environments and in foods, these radicals react with oxygen to form a peroxyl
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radical (LOO*), which is capable of abstracting a hydrogen from another fatty acid 
molecule to form lipid hydroperoxide (LOOH) and another alkyl radical (Frankel 1980). 
The extent of oxidation during the propagation stage can be reduced by antioxidants such 
as Vitamin C or glutathione which donate hydrogen atoms to the reactive free radicals 
either in vitro or as part of the defense mechanism in healthy organisms against the 
oxidative stress induced by lipid peroxidation (Halliwell, 1993). Lipid hydroperoxide is 
the primary product of lipid oxidation and was isolated first in 1961 (Frankel, 1961). 
Lipid hydroperoxides are very unstable and readily decompose to a wide range of 
extremely volatile aldehydes and hydroxides, causing deterioration in the flavours of food 
and cellular damage in the body (Frankel, 1991; Halliwell and Gutteridge, 1999). The 
formation of free radicals during the process of such oxidation is illustrated in Fig. 3.1. 
(Frankel, 2007; Kamal-Eldin, 2003).
R-H —> R + H (a)
R’+ O2 ROO* (b)
ROO* + RH ^  ROOH + R* (c)
ROOH R0*+ *0H (d)
2 R*, RO*, ROO* Stable products, (e)
Fig.3.1. Schematic process of lipid oxidation
There are many types o f anti-oxidants that inhibit lipid oxidation at one of the above 
stages. This includes preventive antioxidants that inhibit the formation of lipid radicals. 
Of particular importance are the antioxidants that inhibit the decomposition of lipid 
hydroperoxides into free radicals, as this process provides the source of free radicals 
during the initiation stage. Another group, called chain breaking anti-oxidants, interrupt
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the propagation of the auto-oxidation chain reaction; A further group of antioxidants are 
singlet oxygen quenchers, such as the carotenes, including lycopene; Synergistic 
antioxidants such as citric acid (a metal chelator); Reducing agents, are capable of 
converting hydroperoxides into stable components and metal chelators which convert 
pro-oxidant metal ions, such as iron and copper, into stable products are also important 
(Pokomy, 2007). Direct measurement and identification of free radicals might be 
achieved through electron spin resonance (ESR) technique, whereas indirect methods 
measure the damage to macromolecules or change in antioxidants to other molecules and 
these could be interpreted in the effects of free radical scavenging such as superoxide 
dismutase, catalase, glutathione peroxidase and anti-oxidants such as vitamin E, however, 
the lipid peroxide measurement is the most commonly applied (Rumley and Paterson, 
1998).
Besides the traditional culinary and medicinal uses of thyme and thymbra, this 
investigation was carried out to evaluate the antioxidant properties of VOs of thymus 
syriacus and thymbra spicata, two wild grown herbs from Kurdistan-lraq. Many studies 
have been carried out to measure the anti-oxidant activities of a variety of species of 
thyme and thymbra VOs using the conventional oven method at temperatures ranging 
between 40 °C-60 °C over a period of time (Miguel et ah, 2005; Lee et ah, 2005). In this 
study we have investigated the anti-oxidant activities of specific thyme and thymbra 
species (which have not been studied previously) and their main constituents (thymol and 
carvacrol) by investigating their effectiveness at delaying the oxidation o f samples of 
sunflower oil irradiated with UV radiation (254 nm).
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In this study, the two herbs Thymus syriacus and Thymbra spicata were collected at the 
full flowering bloom stage from two provinces in Kurdistan-lraq. The herbs were shade 
dried and hydro-distilled using the Clevenger apparatus and their VO extracts were 
analysed by GC and GC-MS for their characteristic components. The main constitutes for 
thyme and Thymbra were thymol (74.1 %) and carvacrol (74.0 %), respectively.
The aims of this study can be summarized in the following:
1. To examine the antioxidant activity of the VO extracts of thyme and thymbra in 
terms of their ability to protect sunflower oil against oxidative stress induced by 
UV light.
2. To examine the antioxidant activities of the main components of the volatile oils, 
namely thymol and carvacrol, against UV radiation compared to their VO 
extracts.
3. To assess the applicability of the VO extracts in food systems to delay or prevent 
oxidation damage to the foods.
3.2. M aterials
The listed chemicals were purchased from the Sigma Aldrich Chemical Company, and 
the required solutions for the tests were prepared: 0.002 N sodium thiosulphate from 0.1 
N solution, soluble starch 1.0 %, saturated potassium iodide, chloroform, glacial acetic 
acid, 10.0 % hydrochloric acid prepared from 37 % (conc.) HCl. Ethanol (absolute), 
ethanol 75.0 %, ammonium thiocyanate 30.0 %, phosphate buffer 0.05 % M (pH 7.0), 
ferrous chloride 0.02 M, HCl 3.5 %, butylated hydroxytoluene (BHT), trichloroacetic
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acid, thiobarbituric acid 20.0 %, fresh sunflower oil {KTC, BBE: Dec. 2008), UVP 
Upland 254nm, model -  XX 15S, Spectrophotometer UVIKON 860, 180 -  900nm, water 
bath and centrifuge.
3.3 Methods
The VO extracts were collected by separate hydro-distillations of thymus syriacus and 
thymbra spicata, using the Clevenger apparatus. To examine the effectiveness of the 
volatile oils as antioxidants, time course measurements of the peroxide values (PV) and 
thiobarbituric acid reactive substances (TBARs) of sunflower oil oxidized by treatment 
with ultra violet radiation were made. Previous experiments using GC and GC-MS 
determined that the VO extracts of thyme and thymbra contained thymol (74.1 %) and 
carvacrol (74.0 %) as the main terpenoids in the VO extracts, respectively. Thus, in 
addition to testing the VO extract’s anti-oxidant properties, the activities o f each of their 
principal components; thymol and carvacrol were tested and compared to the antioxidant 
activity of the extracts. In this study, the peroxide value was measured by two different 
methods, the iodometric titration measuring sodium thiosulphate titres, and the ferrous 
thiocyanate (FTC) method measuring absorbance values in 500 nm.
3.3.1 PV measurement using iodometric titration method
A modified peroxide value method was followed including the standardization of sodium 
thiosulphate. For standardization the following procedure was used: 25 ml of potassium 
iodate KIO3 was added to a 250 ml flask, followed by the addition of 1 ml of saturated 
potassium iodine solution (1.5 g/ml of reverse osmosis (RO) water) and 10 ml of 10 %
59
HCl. The solution was titrated with 0.002 N sodium thiosulphate (approximately a 25 ml 
titre obtained). When nearing the end point, the solution became yellow, at this point, 50 
ml of RO water and 2 ml of starch indicator solution were added. Titration was continued 
in duplicate until the blue colour disappeared, and the standardization factor was 
calculated from 25/mean titre.
The iodometric titration, which measures the peroxide value, is based on the reaction rate 
of the hydroperoxides in acidic medium with potassium iodide to liberate iodine, h . The 
%2 in turn reacts with the sodium thiosulphate in the titration, in the presence of the starch 
indicator to aid in the determination of the end point (Fig. 3.2). At the equilibrium point 
of the titration the iodine reacts with the sodium thiosulphate and the iodide ion is 
restored when the solution turns colourless. The titre was calculated for the peroxide 
content in Kg oil using the equation mentioned in the procedure (3.3.1.1.).
The peroxide value of an oil or food based oil is indicative of its rancidity and it is 
therefore regularized in food legislation, given the maximum limit of PV in foods by 10.0 
mEq/Kg food.
R* + O2 + *H —> ROOH
2K I + 2CH3 COOH 2HI + 2CH3 COO K+
ROOH + 2HI ROH + H2O + 12
%2 + 2Na2S2203 —> 2NaI + Na2 8^206
Fig. 3.2. Schematic mechanism of PV by iodometric method
Following standardization and after many triplicate trials using the VO extracts, 50 pi 
and 100 pi of each VO (equivalent to 0.5 % and 1.0 %) were pipetted into two separate
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aliquots (10 ml) of sunflower oil in separate glass Petri dishes (diameter 50 mm). 
Thorough mixing with a glass rod was followed to ensure adequate mixing of the VO 
with the oil. Sunflower oil (10 ml) was also pipetted into a glass plate for use as control. 
All the samples of oil placed in the Petri dishes were made in triplicate and placed on a 
tray for UV radiation (254 nm), in a closed cabinet. Samples were taken at 0, 3, 6, 9, 18 
and 24 hours.
3.3.1.1 The procedure
Samples were taken at the set intervals:
1. From the each sample, 0.5 g was weighed in triplicate and poured into a 250 ml 
conical flask.
2. An aliquot of 25 ml of glacial acetic acid-chloroform (3:2) solution was then 
added to the flask.
3. 1 ml of freshly prepared saturated potassium iodide (1.5 g/ml RO water) was then 
added.
4. The solution was stirred for 1 min and kept in the dark for 1 min. RO water was 
then added (75 ml), followed by the addition of 1 ml starch solution as indicator 
(so a blue colour developed).
5. This solution was titrated with 0.002 N sodium thiosulphate, until the blue colour 
was completely decolourised at which time the titre was recorded in ml.
6. The same procedure was applied to the blank and fresh oil (control).
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The titres of each sample were recorded in triplicate and the mean values were taken 
to measure the PV value using the following formulae:
PV (mEq/Kg) = (Titre extract -Titre Blank) ml x Thiosulphate (0.002 N)
— ----------------------------  X 1000
Weight of oil(g)
3.3.2 PV measurement using FTC method
Peroxide values of the sunflower oil were also tested by FTC method under the same 
conditions of UVR with the addition of thyme and thymbra VO extracts (at 1.0 %) and 
BHT at a concentration of 0.025 %. The antioxidant activities of the VOs of thyme and 
thymbra as well as thymol and carvacrol were examined by measuring peroxide values 
for lipid hydroperoxides and thiobarbituric acid (TBA) methods for malondialdehyde 
values. The FTC method is based on the measurement of the amount of lipid peroxides 
that react with ferrous chloride to form ferric ions. Ferric ions will then unite with 
ammonium thiocyanate and produce ferric thiocyanate, the red substance which can be 
measured by spectrophotometry at 500 nm.
The oxidation of ferrous to ferric ion is the result of one-electron reduction of LOOH, 
followed by homolytic cleavage of LOOH, (Labeque, et a/. 1987) producing lipid alkoxyl 
radicals, LO* (Fig. 3.3. Eq. 1).
LOOH + Fe^* ^ L O -  + O H + F e^*(l)
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The alkoxyl radical is very reactive (Koppenol, et al. 1990) and capable of further 
reaction with another ferrous ion, solvent molecules (RH), and LOOH (Fig. 3.3).
LO* + Fe^ + +H+ -> LOH + Fe^ + (2)
LO' + RH ^ L O H  + R-(3)
LO- + LOOH ^  LOH + LOO- (4)
Fig. 3.3. Schematic mechanism of FTC method
A standard curve of serial dilutions of FeClg was prepared (R^=0.9998), through which 
the peroxide values were measured using the equation:
Abs= 0.00Ix + 0.0044 (Fig. 3.6.).
The TVs in mEq./Kg oil was calculated using the following equation:
PV = [A b S s -A b s b -q /0.001
Whereas, AbSg and nis of the sample, Absy of the Blank, C the intercept of the
standard curve and 0.001: The slope of the standard curve.
3.3.2.1 The procedure
The standard method used was described by Kikuzaki and Nakatani (1993), with 
adaptation to our experimental objectives: The standard method describes as follows:
1. Mix 4.0 mg of plant extract in 4 ml of absolute ethanol, 4.1 ml of 2.52 % 
sunflower oil in absolute ethanol, 8.0 ml of 0.05 M phosphate buffer (pH 7.0) and
3.9 ml of water in a vial with a screw cap.
2. Place the mixture in a dark oven at 40 °C.
3. To 0.1 ml of this solution add 9.7 ml of 75 % ethanol and 0.1 ml of 30 %
ammonium thiocyanate.
4. To the reaction mixture, 0.1 ml of 0.02 M ferrous chloride in 3.5 % HCl was 
added.
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5. Precisely 3 minutes after the above step, the absorbance of the solution was 
measured at 500 nm, and this was continued at interval hours until the absorbance 
of the control reached its maximum.
6. BHT was used as a positive control, while the oil mixture without the VO was 
used the negative control.
NB: In this experiment, BHT at a high concentration 0.05 % was not used because it 
showed weak activity under UVR and showed pro-oxidant activity after 3 hours, 
therefore only its effective concentration (0.025 %) was used.
In our experiment, because the VO extracts were already added to the sunflower oil and 
placed in an open tray under UV radiation, it was not applicable to follow the original 
prescribed method (taking the raw plant extract and keeping it in the vial with a screw 
cap in an oven). Furthermore, ethanol would obviously evaporate in less than half an hour 
if this protocol was followed. We therefore modified the method as following:
In order to produce 2.52 % of the oil, 0.63 ml from each plate was pipetted into 25 ml 
ethanol. From this solution 4.1 ml was taken and mixed with the other reagents as 
described in step (1). The rest of the procedure was followed as detailed in the method 
above except stage (2).
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3.3.3 Thiobarbituric acid (TBA) method
The TBA test is a widely used method for measuring auto-oxidative alterations to lipids, 
from which malondialdehyde (MDA) is formed from the lipid hydroperoxides. In this 
study, the method prescribed by Ottolenghi (1959) was used, which measures oxidation 
products, mainly aldehydes (malondialdehyde) that result after hydroperoxide 
decomposition. The TBA-MDA adduct, the red substance, was measured at 532 nm from 
the sample solutions prepared earlier for FTC method.
After the first phase of lipid oxidation in which hydroperoxides are formed, the unstable 
hydroperoxides undergo the homolytic and heterolytic hydroperoxide breakage to give 
free alkoxy radicals, which decompose to mainly aldehydes, ketones and hydrocarbons 
(Guillen et ah, 1998). The precursors of MDA have been found to be cyclic 
hydroperoxides (with five links), epidioxides, and 1,3-dihydroperoxides using GC-MS 
(Frankel and Neff, 1990). In these pathways the off-flavour compounds hexanal and methyl 
9-oxononanoate are formed and may be used as a further parameter for rancidity testing 
(Frankel, 1982; Frankel, 1984).
3.3.3.1 The procedure:
1. To 1 ml of each of the samples (2.52 % or 0.63 g oil) prepared for the FTC
method, 2 ml of 20 % trichloroacetic acid and 2 ml of 0.67 % thiobarbituric acid 
(TBA) were added.
2. All the samples were placed in a boiling water bath for 1 hour and after cooling
the samples were centrifuged at 3000 rpm for 20 minutes.
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3. The absorbance of the supernatants were then read and recorded at 532 nm.
Following the absorbance reading, a standard curve of serial dilutions (0.0, 0.05, 0.1,
0.15, 0.2 and 0.25) of FeClg was prepared. This standard curve was used to calculate the 
representative concentrations from the absorbance data. The standard curve for MDA was 
not prepared, only the absorbance data were used for inhibition calculations, since the 
absorbance is proportional to the concentration.
3.4. Results and discussion:
In this study, the antioxidant activities of the VOs of two herbs thymus syriacus and 
thymbra spicata and their main constituents, thymol and carvacrol were tested. The VOs 
were added to sunflower oil, which (as stated on the label) was composed of 12.0 % 
saturated, 23.0 % monounsaturated and 65.0 % polyunsaturated fatty acids and contained 
vitamin E at 49.2 mg/100 ml. The oxidative products detected in the sunflower oil by UV 
radiation occurred in a relatively short time scale and during this time it was observed 
that the physical characteristics of the control oil were visibly changed by 9 hours. 
Indeed, in the first three hours, the rancid odour of the oil was detectable and this was 
followed by other changes such as whitening and crystallization in texture after 9 hours 
(Fig. 3.4). It is very probable that the detectable rancid odour was a result of the volatile 
aldehydes and hydroxides generated from the decomposition of lipid hydroperoxides 
(ROOH).
Preliminary experiments were conducted in shallow Petri dishes and it was noteworthy 
that the oil polymerization was significantly reduced when the glass container was
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changed to a deeper container for the oil samples, hence the effect of the oil thickness and 
the surface area. This approach using a deeper and greater volume of oil was therefor 
used for the main studies.
th v m e  and
Fig. 3.4. The UV effects on sunflower oil appearance with and with out VOs after 9 hours
3.4.1 Peroxide Value measurement using iodometric titration
As levels of peroxides increased over the time course it was evident that free radicals 
were generated by the action of the UVR on the oil. Since sunflower oil is heterogeneous 
in its fatty acid composition, the origin of these lipid hydroperoxides was limited to only 
the unsaturated and polyunsaturated fatty acids rather than all the fatty acids present in 
the oil. Accordingly, about 12 % of the saturated fatty acids of the oil which would not 
produce lipid peroxides did not participate in the iodide reduction, or in other words the 
peroxide value may represent about < 90 % of the oil taken.
Following three replicate trials, it was observed that the peroxide value oil the sunflower 
increased to 29 mEq/Kg after one hour of exposure UVR, This value exceeds the
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maximum acceptable limit of 10 mEq/Kg. This is an indication of both the susceptibility 
of the oil to the UV radiation but also the severity of the UVR process at oxidizing the 
oil.The mean values of the peroxide formation in the sunflower oil alone and with added 
antioxidants at two concentrations of VOs of thyme and thymbra (0.5 % and 1.0 %) and 
BHT (0.025 % and 0.05) over time were calculated (Table 3.1). The PV of all the 
samples increased over time until 24 hours when the control and the oil containing BHT 
began to oxidise in a decreased rate (Fig. 3.5). The VO extracts delayed the oxidation of 
the oil and showed lower PV especially after 3 hours of oil irradiation.
Table 3.1. PV values (mEq./Kg) of Thymus syriacus and Thymbra spicata (0.5 % and 1.0 
%) against BHT (0.05 % and 0.025 %) in sunflower oil, under UV radiation 254 nm in 
hours time. Results are the average ± SD (n=3).
Time (H)
Sunflower
Oil
BHT
0.05%
BHT
0.025%
Thymbra
1%
Thymbra
0.5%
Thyme
1.0%
Thyme 
0.5 %
0 2.4 1.2 0.8 0.8 1.2 0.4 0.4
3 106 + 17 39 + 6 52 + 6 46 + 7 60 + 3 34 + 2 57 + 5
6 176 + 21 148 + 26 131+ 8 62 + 12 103+ 2 5 1 + 6 104 + 6
12 330 + 17 246 ± 15 210 + 12 123 + 12 210 + 14 95 + 12 203 + 14
24 448 + 18 438 + 8 346 + 8 318 + 15 3 9 0+ 34 258 + 6 382 + 4
36 500 ±11 486 + 16 362 + 6 438 + 31 482 ± 20 350 + 15 464 + 8
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400 -
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Thyme 1%ThmbrO.5%  X  Thymbr1% —x — Thyme 0.5%OIL — BHT250
Fig. 3.5. Peroxide values of VOs thyme and thymbra against BHT in sunflower oil at time units, 
under UV 254nm.
BHT at 0.05 % showed a modest effect compared to 0.025 % which showed better 
inhibition of peroxide formation. Both VO extracts showed better inhibition of 
hydroperoxide formation at the 1.0 % concentration compared to the 0.5 % concentration, 
whereas the extracts at concentration (1.0 %) showed greater inhibition of peroxide 
formation compared to similar one in that of BHT at 3, 6 and 12 hours (Fig. 3.6.).
Peroxide inhibition - Iodometric titartion
9 0  -  8 3
8 0  
7 0
1  6 0
2  5 0  
I  4 0  
1  3 0
20 
1 0  
O
2 5
5 0
4 3 4 2
B H T  0 .0 2 5  % T h y m b ra  1 T h y m b ra  0 .5 %  
A n ti o x i d a n t s
□  3H  □  6H  □  12H
T h y  m e  1 % T h y m e O .5 %
Fig. 3.6. The percentage inhibition of peroxides by thyme and thymbra against BHT in 
sunflower oil at 3, 6 and 12 hours.
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VOs of thyme and thymbra at both concentrations (0.5 % and 1.0 %) showed strong 
activities against peroxide formation, particularly at concentrations of 1.0 %. The VO’s 
peroxide inhibition results after 3 hour were 83 % and 67 % compared to BHT (67 %). 
The VOs showed a greater inhibition effect at 6 hours (68 % and 57 %) and even at 9 
hours (71 % and 65), compared to BHT (51 % and 25 %) respectively. In a comparison 
between thyme and thymbra, thyme showed stronger activities comparing to thymbra, 
probably because of the compositions of thyme VO containing 74.1 thymol and 9.0 % 
carvacrol, whereas thymbra VO composed of 74.0 % carvacrol and only 0.2 % thymol.
3.4.2 Peroxide Value measurement using ferrous thiocyanate (FTC) method.
In this study the antioxidant activities of thyme and thymbra VOs, thymol and carvacrol 
against BHT were measured by FTC method and the results are shown in Table.3. 2.
0.30  -,
0.25  -
0 .20  -
0.05  -
0.00
150
C o n c e n tr a t io n  (u g /m l)
200 250 30050 100
Fig. 3.7. Standard curve of the absorbance values of FeClg serial dilutions of a 
concentration range 0-0.25pg/ml^  ^measured at 500nm.
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Table 3.2. Peroxide values (|ag/ml) of sunflower oil and the antioxidants under UV 
radiation overtime, using FeClg standard curve in FTC method. Results are average 
values ± SD (n=3).
Time Oil BHT Thymbra Carvacrol Thyme Thymol
3 464 ± 3 278 ± 8 108 ± 9 109 ±  16 99 ±12 100±13
6 503 ± 7 371 ± 4 229 ±18 210±17 272 ±18 221 ±20
9 403 ±  13 461 ± 2 5 254 ±  24 235 ±  11 163 ± 3 3 2 1 8 ±  18
18 455 ± 6 494 ±12 314±7 315 ± 4 8 216±13 244 ±12
24 351 ±25 612 ±18 453 ±31 371±27 212 ±21 266 ±55
PV-FTC
5 0 0  -
4 0 0  -
3 0 0  -
200  -
15
T im e  (H o u r s)
Oil B H T T h y m b ra  —x — C a rv a c ro l  — — T h y m e ■ T h y m o l
Fig. 3.8. Peroxide values of thyme, thymol, thymbra and carvacrol and BHT in sunflower 
oil exposed to UV radiation, using FTC method. Measurements are mean values ± SD 
(n=3).
The peroxide values of the sunflower oil measured by FTC method were far higher than 
those obtained by iodometric method for the same time units under the same conditions 
(Table 3.2). Values can be explained by the stoichiometry of the reactive molecules of
lipid hydroperoxides that oxidised ferrous Fe^  ^ to ferric Fe^ .^ Each peroxide (LOOH)3+
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molecule may oxidize four Fe^ "^  to Fe^^ (Mihaljevic et al. 1996), thus the abundance of 
ferric ions resulted in high absorbance reading and consequently higher peroxide values.
In a comparison of PV values between the FTC (Table 3.2) and iodometric titration 
methods (Table 3.1), the relative four orders of magnitudes in FTC over iodometric can 
be noticed, especially in early hours of oxidation.
The stoichiometry of the ferrous ion oxidation by LOOH, depends on the composition of the 
analytical solution, thus the excess of oxidised ferrous ion to ferric should be taken in to 
account in LOOH calculation, as the response could be calibrated with different kinds of 
hydroperoxides, nevertheless, the ferrous oxidation method has been found simpler to use than 
the iodometric method (Michaels et al. 1978) mainly due to the lower sensitivity o f ferrous ion 
to spontaneous oxidation by oxygen in air, as compared to high susceptibility to oxidation of 
iodide solutions (Jessup, et al 1994; Lezerovich et a/. 1985).
The VO extracts of thyme and thymbra, as well as thymol and carvacrol showed significant 
peroxide inhibition in the sunflower oil under UVR comparing to BHT after hours 3, 6, and 9 
hours when BHT completely lost its resistance. The FTC methods was compared to the 
iodometric titration in terms of inhibition of peroxide formation by the VO extracts and BHT in 
the sunflower oil under UVR over the periods of time (Fig. 8 and Fig. 9). The pattern of 
inhibition is very similar, as VO extracts demonstrating significant inhibition of peroxide 
formation comparing to BHT, and this can be put in an order in FTC method as: thyme- 
thymoKthymbra-carvacroKBHT and in iodometric titration the order was: 
thyme<thymbra<BHT.
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Fig. 3.9. The % inhibition of peroxide by VOs of thyme and thymbra, thymol and 
carvacrol against BHT at 3, 6 and 9 hours by FTC method.
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Fig. 3.10. The percentage inhibition of peroxides by thyme and thymbra against BHT in 
sunflower oil at 3, 6 and 12 hours by lodometrie titration method.
Alhough the iodometric titration was an indirect measurement of peroxides, there were a 
great deal of variables involved that needed to be standardized, or a semi automation 
method need to be developed to save manual errors and time. The main mechanism of 
action of the phenolic anti oxidant is considered to be the scavenging free radicals by 
hydrogen-donation, although other mechanisms may be involved (Frankel, 1998).
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Overall, both VOs and the standards were shown to be effective antioxidants in both 
methods compared to BHT (Fig. 3.11).
Despite the variations between the two methods in determining peroxide value, the key 
point is both VO extracts demonstrated strong antioxidant activities in both methods 
compared to BHT. However, the activities of the VOs is concentration dependent, thus 
the VOs at 1.0 % showed better effect than 0.5 % concentration.
80 n
c  6 0 -
S
I  40  
•S
^ 20 4
0
PV inhibition by VOs (1 %) at 3 hours in Titration and FTC methods 
76
57
49
Thymbra VO Thym e VO 
Antioxidants
BHT
□  FTC a Titration
Fig. 3.11. Comparison between FTC and titration methods in % inhibition of peroxide 
formation in sunflower oil by thyme and thymbra VOs (1 %) and BHT (0.025 %) at 3 
hours.
3.4.3 TBARs measurement
The TBA test was used to measure a parameter of the secondary oxidation step (Guillen- 
Sans and Guzman-Chozas, 1998), a measurement of the volatile aldehydes produced after 
decomposition of the hydroperoxides formed in the sunflower oil under the UVR. The 
effects of the VOs extracts of thyme and thymbra, as well as their main constituents, 
thymol and carvacrol, on malondialdehyde formation were tested in irradiated sunflower 
oil at different time intervals (Table 3.3) and (Fig. 3.11).
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Table 3.3. TEAR absorbance values of thyme, thymol, thymbra and carvacrol against 
BHT, in sunflower oil under UV radiation 254nm. Measurements are mean values ± SD 
(n=3) at 530 nm
Time Oil BHT
Average absorbance values 
Thymbra Carvacrol Thyme Thymol
3.00 0.13 0.06 0.03 0.05 0.05 0.04
6.00 0.10 0.08 0.04 0.03 0.02 0.03
9.00 0.13 0.13 0.05 0.04 0.03 0.05
18.00 0.19 0.24 0.15 0.09 0.11 0.09
24.00 0.26 0.29 0.20 0.13 0.19 0.19
The activities of the VOs, thymol and carvacrol against MDA formation in the sunflower 
oil were recorded and compared to BHT. Both VOs of thyme and thymbra, thymol and 
carvacrol showed significant (P<0.05) MDA inhibition in the oil compared to BHT over 
all the time intervals. In fact BHT completely lost its effectiveness in 9 hours (0 %) 
inhibition (Table 3.4.).
Absorbance values o f  TBARs
0 .32  -I
0 .2 8  -
0 .24  -
0.2 -
I
0 .08  -
0 .04  -
5 10 15 200 25 30
Tim e (H)
-♦— Oil BHT T hym bra —x — C a rv ac ro l —m— Thym e —# — Thymol
Fig. 3.12. Graphical curves of TBARs absorbance values at 530nm, of thyme, thymol, 
thymbra, carvacrol against BHT in sunflower oil under UV 254nm.
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Table 3.4. Inhibition of MDA by the antioxidants in time units.
% Inhibition o f MDA formation
Time BHT Thymbra Carvacrol Thyme Thymol
3 52 77 64 63 71
6 26 57 67 77 72
9 0 61 72 74 64
18 -23 25 52 45 54
24 -12 22 50 26 25
MDA inhibition by antioxidants
o 60
BUT Thymbra Carvacrol Thyme
Antioxidants
0 3 H d 6 H E 3 9 H
Fig. 3.13 Percentage inhibition of MDA formation by antioxidants at 3, 6 and 9 hours.
Thyme, thymbra, thymol and carvacrol, showed significant effect (P<0.05) of MDA 
inhibition in 3 hours (77 %, 77 %, 72 % and 72 %) and 6 hours (74 %, 61 %, 71 % and 
67 %) respectively compared to BHT (52 % and 26 %).
Results in this study are comparable to those found by Miguel et ah (2005). In this study 
the synthetic and VO extracts (0.1 % each) of Thymbra capitata, Thymus mastichina and
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Thymus camphorates were tested on oxidized peanut and sunflower oils in an oven 60°C. 
They found weak free radical scavenging ability in peanut oil compared to butylated 
hydroxytoluene (BHT), whereas in sunflower oil, all the essential oils and the synthetic 
antioxidants exhibited a relatively low free radical scavenging effect, consequently low 
(0.1 %) concentration of the VOs and high concentration (0.1 %) of BHT have resulted in 
adverse effects. These results could be compared to our findings that a high 
concentrations (0.5 % and 1 %) of VOs as well as low concentration (0.025 %) of BHT 
showed strong effect in peroxide inhibition and TBARs formation.
In this study thymol and carvacrol (1 %) inhibited MDA formation in sunflower oil by 72 
% each after 3 hours under UVR, whereas in the aldehyde/carboxylic assay, the same 
isomers at (5 pg/ml) inhibited hexanal oxidation by almost 100 % after 30 days in 
ambient T ° C, after initiating oxidation in an oven 60® C for 10 minutes (Lee et al. 2005). 
In an oven method (60 ®C) it was found by (Abdalla and Roozen, 1999) that thyme 
extract (600 ppm and 1200 ppm) could inhibit peroxide generation in sunflower oil and 
20 % emulsion respectively. Thymol and carvacrol were tested by Yanishlivea et al 
(1999) in lard and sunflower lipid systems, and the results were comparable to our 
findings.
In our study thyme VO showed better antioxidant activity than thymbra VO. This is 
possibly due to the higher thymol content in thyme (74 %) compared with that of 
thymbra (0.2 %). Yanishlieva et al. (1999) reported thymol to be a better antioxidant in 
lipid systems than carvacrol due to steric hindrance effect in phenolic group in thyme. It
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is evident, however, that more sterie hindrance would be experienced by the phenolic 
group in carvacrol this perhaps making it more difficult to donate a hydrogen atom to the 
lipid radicals.
H^C ^  CH3
Thymol (2-isopropyl, 5-methyl phenol) Carvacrol (2-methyl, 5-isopropyl phenol)
These in vitro results demonstrated the efficacy of thyme and thymbra VOs in preventing 
sunflower oil from oxidation can also be applied in other fat based foods. The possibility 
of using the herbs (extracts or in whole leaves) in other oils or fat based foods could be an 
area of consideration, especially if the organoleptic (odour and taste) analysis by the 
public is accepted at the effective concentration. The VOs of thyme and thymbra could be 
used in oil based salad dressing or possibly frying oil, as at present time, supermarkets 
like Tesco and Sainsbury's have already put on their shelves a range of oil salad dressings 
with infused flavours of herbs and spice, but not of thyme and thymbra.
Concerning the few irreproducible results in the tables and graphs that were observed, it 
is noteworthy to mention some possible reasons for this. For instance, during the 
preparation of the 0.5 % and 1.0 % concentrations of the VOs, 50 pL and 100 pL of the 
VOs were pipetted into 10 ml sunflower oil in the glass plates, followed by a thorough 
mixing with a glass rod. Although the VOs were oil soluble, ensuring an even distribution 
of the VO molecules in the oil matrix is a point of argument. Another factor to mention 
was the limited space on the tray beneath the UV lamp for the triplicate samples. This
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may have caused an uneven UV irradiation over the range of the plates along the tray, 
and hence different rates of oxidation reflected on the results. Nevertheless the plates 
were distributed evenly underneath the UV lamp to try to minimize these differences. The 
role of vitamin E within the oil may also have had an effect. Although this antioxidant 
was present in all samples of oil it may have acted differently with different antioxidants,
i.e. in a synergistic way or other mode. Taking an accurate weight of the oil is very 
critical, as a small variation results in a considerable difference in the final PV 
calculation, therefore presenting a very sensitive scale is essential.
3.4 Statistical data
Three trials of triplicate samples were used. The mean values, the standard deviation 
(SD) and the co-efficient of variance were calculated and recorded. The VO extraction 
was compared with each other, using the unpaired Mest with Welch’s correction (not 
assuming equal variance). The antioxidant activities of the VOs and their major 
constituents were compared with each other at different time intervals using ANOVA 
single factor.
3.5 Conclusion
Thymus syriacus and Thymbra spicata VO have antioxidant activity and can be used in 
relatively small amounts to preserve sunflower oil against UV radiation. They could have 
possible sunburn cream application, though further work in this area need to be 
undertaken.
79
CHAPTER FOUR
CHAPTER 4
PROTECTION OF LOW DENSITY LIPOPROTEIN FROM CU - 
MEDIATED OXIDATION BY THE VOLATILE OILS OF THYMUS 
SYRIACUS BOISS, VAR. SYRIACUS AND THYMBRA SPICATA L. 
AND THEIR PRIMARY CONSTITUENTS
4.1 Introduction
Volatile oils (VO) are well known for their antioxidant activities as free radical 
scavengers (Teissedre and Waterhouse, 2000; Hazzit et ah, 2006; Bounatirou et al. 
2007). Essential oils and their aroma compounds have also been shown to change the 
affinity of LDL particles for their receptors (Naderi et a/., 2004). As the generation of 
oxidized LDL is regarded as one of the key events in the development of atherosclerosis, 
the attenuation or elimination of the oxidative modification of lipoproteins by 
antioxidants is considered as a potential area of research to prevent cardiovascular disease 
(Pinchuk & Lichtenberg, 2002).
LDL has a molecular mass of 2.5 million and contains on average 2700 different lipid 
classes (Esterbauer et al., 1991). Approximately half of these lipids are polyunsaturated 
fatty acids (PUPA), of which linoleic acid constitutes the major part (-86 %) with smaller
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amounts of arachidonic and docosahexaenoic acid. During the exposure of PUFA to an 
oxidative initiator, such as copper ions, small amounts of lipid hydroperoxides degrade to 
produce peroxyl radicals and these abstract a hydrogen atom from an adjacent PUFA. 
This process forms a lipid radical containing methylene interrupted carbon-carbon double 
bonds that rearrange to form a conjugated structure within the PUFA radical. These 
conjugated dienes absorb strongly at 234 nm and can be readily used as an index of 
oxidation. Indeed, the change in the level of conjugated diene absorption over time can be 
measured spectrophotometrically and this can be used to monitor the process of Cu"^- 
induced LDL oxidation. The mechanism of Cu^-induced LDL oxidation was 
hypothesized by Esterbauer et al. (1991) to involve the binding of Cu"^ ions to discrete 
sites of the apoB lipoprotein, forming centres of free radical production, analogous to the 
situation suggested in other biological systems (Chevion, 1988).
The susceptibility of LDL to oxidation is affected by both the fatty acid composition and 
the levels of antioxidants present. Of particular importance are the protective roles of 
dietary antioxidants, including the phenolic antioxidants, which can guard against the free 
radicals present and reduce lipid peroxidation that may be, in part, responsible for 
reducing the progression of coronary disease (Frankel et al., 1993; Teissedre and 
Waterhouse, 2000). The consumption of dietary antioxidants may therefore help prevent 
LDL-lipid peroxidation (Kaliora et al., 2006), however, the absorption and bioavailability 
of these antioxidant compounds also needs to be considered.
The increase in popularity of herbal medicines is probably due, in part, to the presence of 
specific phytochemicals that are not usually found in other food stuffs (Crozier et al..
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2006). A large group of these phytochemicals are known as the terpenoids. These have 
attracted a great deal of research interest, in terms of their use as therapeutic agents as 
anti-oxidants and in terms of other properties including anti-microbial, anti-malarial and 
anti-cancer effects. This is particularly in the light of data on their low toxicity and the 
bioavailability of monoterpenes such as d-limonene (Crowell, 1999; Chow et al., 2002) 
and carotenoids (Fraser and Bramley, 2004).
Several studies in vitro have been conducted evaluating the effects of plant secondary 
metabolites on modifying the susceptibility of LDL to oxidation. For instance. Brown and 
Kelly (2007) showed the different effects of anthoeyanins, anthocyanidins and their 
putative phenolic degradation products on preventing the oxidation of LDL. Here they 
demonstrated that antioxidant activity was related to specific structural features of the 
compounds, and in particular, the presence of an ortho-àihydvoxy group. They also 
reported that besides the ability of the compounds to chelate transition metal ions, their 
ability to partition between the lipophilic and the aqueous milieu and their hydrogen 
donation properties were also important in determining their efficacy as antioxidants. 
Antioxidant effects have also been observed in vivo and a study carried out by Agarwal 
and Rao (1998) showed that dietary supplementation with lycopene rich foods (in the 
form of tomato juice, tomato sauce and oleoresin) over just one week significantly 
increased serum lycopene levels and decreased LDL oxidation although no change was 
observed for serum cholesterol levels.
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In view of the large diversity of herbal species available, for example the Labiatae family 
contains about 350 species of herbaceous plants and sub-shrubs (Stahl-Biskup, 2002), 
studies on the effects of herbal volatile oils on LDL oxidation has received only a modest 
amount of interest in the scientific literature. The aim of this study therefore, was to 
evaluate the effect of the VOs obtained from the two herbs, namely Thymbra spicata L. 
and Thymus syriacus var. Syriacus, which grow wild in Kurdistan-Iraq in terms of their 
ability to delay Cu^-induced LDL oxidation. To complement this, a study on the 
antioxidant effectiveness of a selection of their constituent components was also 
undertaken.
VOs produced by the hydro-distillation of thyme and thymbra were characterised by GC 
and GC-MS and the chief constituents were demonstrated to be thymol and carvacrol, 
respectively. Other terpen(oid)s determined in the VOs were y-terpinene, j^-cymene, 
bomeol, p-caryophyllene, myrcene, a-terpinene and a-pinene.
LDL oxidation was monitored by measuring the increase in absorbance of conjugated 
dienes during Cu^-mediated LDL oxidation. The change in absorbance at 234 nm in 
incubations containing LDL, C u^ and the test VOs / compounds over time was 
compared with incubations containing LDL, C u^  and vehicle (control). The efficacy of 
each of the VOs or test compounds was evaluated by their ability to extend the lag phase 
to LDL oxidation, the relative decrease in the oxidation rate during the propagation phase 
as well as the absorbance difference between the VOs / test compounds and the control
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oxidation (at the time point when the control oxidation achieved a plateau of maximal 
absorbance).
4.2. M aterials and methods
4.2.1 Materials
The terpenoids purchased from Sigma Chemicals Co. Ltd. (Poole, UK) included thymol, 
carvacrol, y-terpinene, a terpinene, bomeol, P-caryophyllene, a-pinene, myrcene and p- 
cymene. Bovine serum albumin (BSA, Fraction V), Folin Ciocalteu’s reagent and sodium 
tartrate (reagent grade) were also obtained from Sigma Chemical Co. Ltd (Poole, UK). 
Citric acid, copper sulphate, ethylene-diamine-tetra acetic acid (EDTA), sodium dodecyl 
sulphate and tri-sodium sulphate (all of analytical grade) were obtained from BDH 
Laboratory Supplies (Poole, UK). Glucose, sodium carbonate, sodium chloride, sodium 
hydroxide and potassium dihydrogen orthophosphate (all of analytical grade), sodium 
bromide (reagent grade) and methanol (HPLC grade) were obtained from Fisher 
Chemicals (Loughborough, UK).
Volatile oils of Thymus syriacus Boiss. and Thymbra spicata L. were prepared by hydro­
distillation using the Clevenger apparatus as described by Jamil et al. (2009).
4.2.2 LDL preparation
Blood (48 ml on at least 6 separate occasions) was drawn by venipuncture from a healthy, 
non-smoking, non-supplement taking and fasted normo-lipidaemic individual. Aliquots 
of 16 ml blood were dispensed into tubes containing 4 ml of anticoagulant (acid-citrate
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dextrose containing 100 jiM EDTA. The plasma was separated from the red blood cells 
by centrifugation (450 x g) for 20 min. at 10 °C, followed by plasma density adjustment 
with sodium bromide and ultra-centrifugation as described in the method of Chung et al. 
(1980). The resultant LDL was sterilised by filtration through a 0.22 pm filter (Millipore, 
UK) and then dialysed in phosphate buffered saline (PBS, 10 mM; EDTA, 10 pM, pH
7.4). The LDL was then used directly or stored at 4 °C for no longer than 5 days. The 
protein concentration of the LDL was determined by the Markwell method (Markwell et 
al., 1978) which was adapted from the original method of protein determination by 
Lowry et al. (1951) (appendix 1).
4.2.3 LDL oxidation studies
Following several trial experiments using various concentrations of thymol, carvacrol and 
the two herbal VOs, the concentration ranges, which could be used in this LDL oxidation 
model, were established. In this respect, the antioxidant activities of the main components 
of thyme and thymbra (i.e. thymol and carvacrol) were assessed at 0.025, 0.05, 0.1 and
0.25 pM and the activities of thyme and thymbra VOs, as well as the other minor 
terpenoids, were examined at 0.25, 0.5, 1.0 and 2.0 pM. Antioxidant activities were 
evaluated by measuring the inhibitory effect of the VOs / test compounds on diene 
formation over time against control incubations.
Solutions of each herbal VO and the standard terpen(oid)s were prepared in ethanol. 
Antioxidant effectiveness of each concentration of each test VO or test compound was 
assessed by adding 2 pi of their ethanolic preparations to LDL (in PBS) prior to the
85
addition of C u^. The same volume (2 pi) of ethanol was added in control incubations. 
The incubations contained 62.5 pg/ml LDL protein (typically -76  pl/ml of LDL stock 
solution) and the final concentration of C u ^  was 10.77 pM as described by Ziouzenkova 
et ah (1998). The volume of each of the incubations was made up to exactly 1 ml with 
PBS. Oxidations were initiated by the addition of C u^  (in the form of copper sulphate) to 
each of the cuvettes just prior to mixing and insertion of the cuvettes into the 
spectrophotometer. Within each spectrophotometric run, each VO / test compound 
concentration was assessed in duplicate against a control LDL oxidation. All incubations 
were run at 30 °C. The absorbance was measured at 234 nm on a UNICAM UVl 
spectrometer using Vision software (Version 1.25). The oxidation kinetics of the 
oxidising LDL was evaluated on the basis of conjugated diene formation over time at 234 
nm (appendix 2).
The antioxidant activity of each VO and individual terpen(oid)s was measured using 
three different parameters:
1. The ability to extend the lag phase to oxidation which was defined as the intercept 
at the abscissa in the diene versus time plot of the initiation phase to the point at 
which the oxidation rate of the propagation phase starts (i.e. where the absorbance 
curve takes off; Esterbauer et al. 1992).
2. The ability to reduce the oxidation rate (Ox-R) during the propagation phase (i.e. 
after end of the lag phase when the endogenous antioxidants within the LDL had 
been consumed). The oxidation rate of Cu'^-mediated LDL in the presence of 
thyme and thymbra VOs and the standard terpenoids was measured at the steepest
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part of the propagation phase over 60 min. and this was expressed as a percentage 
of the control rate.
3. The absorbance difference (AD) measurement, which is the ability of a compound 
to prevent diene formation compared to the control incubation at the time when 
the control incubation reaches its plateau, or maximum absorbance.
4. All the three parameters (1-3 above) were measured against the control incubation 
and calculated in percentage terms.
4.3 Statistical analysis
All the results are expressed as the mean ± one standard deviation. Significant differences 
(p <0.05) were calculated by using Minitab (MTBW1N-I3.exe). A one-way analysis of 
variance (ANOVA) was used to compare differences and if significant (p<0.05) this was 
followed by a post-hoc Tukey-Kramer for multiple analysis.
4.4 Results
In this study the AD value was used as a new parameter to measure the extent of 
antioxidant activity of the VOs / compounds under investigation. This used the difference 
between the absorbance value measured at 234 nm for the control LDL oxidation at its 
maximum absorbance (tmax) and the absorbance measured for LDL enriched with the VO 
or test compound at the same time point ( t m a x )  during the oxidation. In effect, the AD 
parameter was a measure of the ability of a compound to inhibit diene formation. It was 
expressed in terms of a percentage and was calculated by subtracting the absorbance of 
the LDL containing the test compound from the absorbance of the control oxidised LDL
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at tmax, divided by the absorbance of the control oxidised LDL at tmax and multiplying by 
100:
AD = (Ac — A aq) /  Ac X  100
Ac= Absorbance of control incubation at tmax
Aao= Absorbance of test incubation at tmax-
On the basis of the above the AD % of a compound will always be less than 100 %, 
unless the compound is a pro-oxidant. If the absorbance of the control LDL oxidation at 
plateau (tmax) is 1 -00, and the absorbance of the test compound LDL oxidation at tmax is 
0.5, it will mean that the test compound inhibits diene formation by 50 %. This parameter 
can be applied to any compound at any concentration. It is considered to be a practical 
and fast approach to measuring the activity of a compound against the control and avoids 
errors that may occur in measuring the lag phase.
Both thyme and thymbra demonstrated clear antioxidant activity by dose-dependently 
increasing the lag phase of LDL to oxidation. At the lowest concentration tested (0.25 
pM), lag phase was extended by 40 and 34 %, for thyme and thymbra, respectively. At 
the highest concentration evaluated this rose to 96 and 117 %, for thyme and thymbra, 
respectively (Fig. 4.1). However, no significant difference was observed between the two 
VOs in terms of their efficacy at extending lag phase at each of the four concentrations 
tested.
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Fig. 4.1. Comparison between the effects of thyme and thymbra VOs at concentrations 
0.25, 0.5, 1.0 and 2.0 pM on C u^  mediated LDL oxidation. The effects are measured at 
percentage in terms of lag phase extension against control. Data are presented as Mean ± 
SD (F < 0.05).
A similar pattern was observed for the oxidation rate which was reduced in a dose- 
dependent manner down to approximately 20 % of control at the highest concentration 
tested (2 pM, Figure 4.2). Again, however, no significant differences were observed 
between the effectiveness of the two VOs using this oxidation parameter.
comparison betw een thyme and thymbra VO (UM) on LDL oxidation rate
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Fig. 4.2. Comparison between thyme and thymbra oxidation rate in Cu’^ '^  mediated LDL 
oxidation. Oxidation rate was measured in percentage against control at concentrations 
0.25, 0.5, 1.0 and 2.0 pM.
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The AD parameter proved to be a useful index in the measurement of LDL oxidation. 
Here, there was reasonably clear relationship between the amount of each of VOs used in 
the LDL oxidation and the effect observed (Fig. 4.3). However, no difference in the 
effectiveness of the two VOs using this parameter of oxidant was evident.
comparison betw een thyme and thymbra AD effects on LDL oxidation
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Fig. 4.3. Comparison between thyme and thymbra absorbances against control at plateau 
in Cu^^ mediated LDL oxidation. Absorbance difference was measured in percentage 
against control at concentrations 0.25, 0.5, 1.0 and 2.0 pM.
The main components of the two herbal VOs, namely thymol and carvacrol, were also 
demonstrated to have clear antioxidant activity. However, thymol possessed the highest 
activity of these two principal components demonstrating an extension of lag phase by 
262 % at 0.25 pM, which was more than four-fold greater than that for carvacrol (Fig.
4.4). Furthermore, at this thymol concentration the oxidation rate was reduced to 5 % 
(Fig. 4.5) and the extent of diene formation was prevented by 90 % (Fig. 4.6). The 
thymol isomer, carvacrol, was considerably lower in all these measurements (Figures 4, 5 
and 6).
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comparison between thymol and carvacrol LP extension in LDL oxidation
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Fig. 4.4. Comparison between the effectiveness of thymol and carvacrol at extending lag 
phase in C n^ mediated LDL oxidation. Lag phase was measured in percentage against 
control (no compound added) at concentrations 0.025, 0.05, 0.1 and 0.25 pM. Data are 
presented as Mean ± SD. {P < 0.05).
Comparison between thymol and carvacrol on LDL oxidation rate
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Fig. 4.5. Comparison between the effectiveness of thymol and carvacrol in terms of 
attenuating the oxidation rate of C u^ mediated LDL oxidation. Oxidation rate was 
measured in percentage against control (0.65 ± 0.03 with no compound added) at 
concentrations 0.025, 0.05, 0.1 and 0.25 pM. Data are presented as Mean ± SD. (P < 
0.05).
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Fig. 4.6. Comparison between thymol and carvacrol absorbance against control at plateau 
in C u^ mediated LDL oxidation. Absorbance difference (AD) was measured in 
percentage against control at concentrations 0.025, 0.05, 0.1 and 0.25 pM. Data are 
presented as Mean ± SD. (F < 0.05).
The results of the other terpenoids assessed in this study are presented in Table 1. Both y- 
and a-terpinene significantly extended lag phase to oxidation across the range of 
concentrations tested (0.25, 0.5, 1.0, 2.0 pM). The effects observed were also dose- 
dependent. Interestingly, y-terpinene was superior to its isomer a-terpinene in each of the 
measurements carried out. Indeed, at the highest concentration tested y-terpinene was 
more than twice as effective when compared to a-terpinene. The remainder of the 
terpenoids evaluated showed no significant anti oxidant activities at the concentrations 
tested (p > 0.05). Borneol and p-caryophyllene showed poor activities whereas myrcene 
showed no activity at 0.25 and 0.5 pM although some activity was demonstrated at the 
two higher concentrations (1.0 and 2.0 pM). Both a-pinene and p-cymene showed either 
very little activity or some pro-oxidant activity particularly at the lower concentrations 
used (Table 4.1.).
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4.5 Discussion
In this study, the antioxidant activities of the VOs of Thymus syriacus and Thymbra 
spicata and their major constituent terpenoids were evaluated in the C u^  -mediated LDL 
oxidation model. The protective capaeity of these compounds were monitored and 
measured in terms of their ability to 1) extend lag phase, 2) reduce oxidation rate and 3) 
inhibit diene formation (absorbanee difference) against control.
The VOs of thyme and thymbra exhibited a dose-dependent impact on each of the 
antioxidant parameters relating to LDL oxidation (Figures 1, 2 and 3). Interestingly, 
thymbra VO (which contains 74 % carvacrol) showed a similar antioxidant aetivity to 
thyme VO (containing 74.1% thymol). This is perhaps not easy to explain given the large 
difference in antioxidant activity between thymol and carvacrol but may partly be 
rationalised by the effects of the other components present. For instance, the high content 
of y-terpinene (10.7 %) in thymbra VO, which exhibited significant (p < 0.05) antioxidant 
activity, may contribute to the overall antioxidant activity of thymbra.
Thymol, the chief component of thyme VO, showed the highest activity of the 
eompounds tested. The superior activity of thymol over and above other VO components 
such as eugenol, geraniol, jp-cymol, linalool and pulegon has been reported by Naderi et 
al. (2004) who measured their antioxidant activities and effects on the affinity of intact 
and oxidised LDL for its receptor in adrenal tissue cells in sheep.
93
Perhaps surprisingly, carvacrol, the main component of thymbra, showed only modest 
antioxidant activity compared to its isomer, thymol. The superiority of thymol over 
carvacrol, in terms of antioxidant activities in lipid systems, has been reported by 
Yanishlieva et al. (1999). They stated that the differenee between the two isomers was, in 
part, due to the positioning of the single hydroxyl group. This difference may create a 
greater steric hindrance effect for thymol over carvacrol which results in the two 
antioxidants participating in different chain reactions (Yanishlieva et al. 1999). Indeed, 
hydroxyl group positioning has been shown to be important in the activity of other 
antioxidants, namely the flavonoids and phenolic acids, as shown by Rice-Evans et al. 
(1996). Here, Rice-Evans et al. (1996) reported that in an aqueous radieal seavenging 
system m-hydroxy benzoic acid showed an anti-oxidant activity equivalent to Trolox, but 
when the hydroxyl group of the same compound was in the o- and p- positions minimal 
activity was observed. Interestingly, the hydroxyl group of thymol is located at meta 
position and in carvacrol it is present at the ortho position which relates well to these 
findings of Rice Evans et al. (1996).
In this study, the physical properties of the two isomers were also taken into account as 
the melting point of thymol is higher than that of carvacrol. It was thought that this 
difference in melting points could have caused some of the carvacrol being lost during 
the ineubation. However, on closer examination of thymol and carvacrol solutions in 
ethanol (at 1 mM, 10 mM and 50 mM) at 30°C over time (1, 3, 5, 8 and 24 h), no loss of 
either carvacrol or thymol were observed (GC measurements of the concentration ratio of 
each compound to an internal standard (dodecane) were made).
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The other terpenoids examined in this study showed much lower antioxidant activity that 
thymol. Among these other seven terpen(oid)s examined only y-terpinene and a -  
terpinene extended lag phase significantly. Bomeol and P-caryophyllene exhibited poor 
activity and myrcene was active only at 2.0 pM. Furthermore, j^-cymene and a-pinene 
either showed no activity or indeed showed pro-oxidant effects at the lower 
concentrations used (Table 1). These findings are in general agreement with a study 
carried out by Youdim et al. (2002), who reported that the major components of the oil of 
Thymus zygis L. inhibited Fe^^-stimulated lipid peroxidation of rat brain homogenate in 
the following order: thymol > carvaerol > y-terpinene > myrcene > linalool > /?-cymene > 
limonene > 1,8-cineol > a-pinene. These authors also reported that p-cymene, 1,8-cineol 
and myrcene exhibited pro-oxidant activity.
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Table 4.1. Anti-oxidative activities of terpenoids at coneentrations 0.25, 0.5 1.0 and 2.0 
pM on copper mediated LDL oxidation. The activities were measured in terms of 
oxidation rate, % lag phase extension and % absorbance difference against control at 
plateau. Figures are mean of duplicate (n = 2) measurements unless otherwise stated.
Terpenoids Concentration p M % LP % AD % OX-R
Y- terpinene 0.25 1 8 ± 3 6±5 63 ± 3
0.5 27 ± 2 31±4 55 ± 6
1 40 ± 3 55 ± 1 55 ± 6
2.0 68 ± 1 89 ± 2 36 ± 6
a terpinene 0.25 12 + 1 2 ±  1 67 ±1
0.5 15± 1 7 ±  1 65 + 1
1 23 ±1 10± 1 64 ±1
2.0 32 ± 2 43 ± 3 54 + 1
Borneol 0.25 6 2 53
0.5 7 8 46
1 10 3 50
2.0 10 10 48
p-caryophyllene 0.25 1 -3 68
0.5 3 4 61
1 3 5 61
2.0 5 8 60
Myrcene 0.25 0 2 70
0.5 0 4 67
1 17 5 54
2.0 18 8 60
a-pinene 0.25 -5 -3 65
0.5 -5 -1 66
1 -7 -3 68
2.0 2.5 1 63
p-cymene 0.25 -9 -4 67
0.5 -9 -2 65
1 -9 2 58
2.0 0.5 3 -5
The stronger antioxidant efficaey of y-terpinene compared to its isomer a-terpinene is 
probably due to the localization of the double bonds. Another interesting point is that, the 
variation in anti-oxidant capacity between the two isomers increased almost linearly by 
increasing their concentrations. For instance, y-terpinene showed lag phase extension by
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18, 27, 40, 68 comparing to 12, 15, 23, and 32 of a  terpinene, for the concentration range 
of 0.25, 0.5, 1.0 and 2.0 pM.
The high activity of thymol and y-terpinene has also been reported by Tepe et al. (2007) 
who evaluated the antioxidant activities of the essential oil components of Clinopodium 
vulgare L. using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) and p-carotene-linoleic acid 
antioxidant assays. They showed that thymol and y-terpinene were active whereas p- 
cymene showed no antioxidant activity. It is therefore possible to conclude that the 
overall impact of thyme and thymbra VOs were due, in apart, to synergism or antagonism 
between components present and this resulted in their different anti-oxidant efficacies.
The antioxidant activity of the two terpinene molecules is probably due to their ability to 
donate hydrogen atoms to the fatty acid radical molecules. The chemical structure of two 
terpinene isomers is different in terms of the position of the double bounds of the ring 
structure, whieh is parallel in y-terpinene and adjacent (conjugated) in a-terpinene. This 
is thought to create an unequal electronic environment in the cyclohexa-isomeric 
molecules. In y- form, there are two ethylene groups at each side of the cyclohexa-terpene 
ring, whereas the a - form possesses two groups at only one side of the ring. The 
antioxidant activity of the y- form in this study was almost double that showed by the a - 
form, perhaps due to the free methylene group in y- form (Figure 7). These observation 
are in agreement with that of Li & Liu (2009) who investigated the effects of a-terpinene 
and y-terpinene in three different oxidations of methyl linoleate, DNA, and erythrocytes 
induced with 2,2'-azobis(2-amidinopropane hydrochloride) (AAPH). They found in two
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of the three oxidation systems that the activity of y-terpinene was approximately double 
that of a-terpinene and they attributed this to the presence of the non-conjugated diene 
present in the y-terpinene structure which was conjugated in a-terpinene.
CH3 CH3
OH CH 3  OH
CH3  H 3 C '  ^C H 3  H 3 C " ^ C H 3
Thymol Carvacrol y-Terpenine a-terpenine
Fig.7. Molecular structure of thymol, carvacrol, y -terpinene and a-terpinene.
Sukuzi et al. (2004) also reported that y-terpinene showed strong antioxidant activities in 
various assay systems. However, in contrast, Kim et al. (2004) reported that a  terpinene 
exhibited better antioxidant activity than y terpinene in DPPH and hexanal/hexanoic acid 
assays whereas a-pinene did not show any inhibition effect. The mechanism of inhibition 
of lipid peroxidation by y-terpinene has also been investigated by Foti & Ingold (2003), 
attributing the antioxidant activity to a rapid reaction of two radicals, hydroperoxyl 
radical (H 0 0 ‘) and the linoleoyl peroxyl radicals (LOO*) which result from peroxidation 
of y-terpinene and linoleate, respectively. They also reported that the only organic 
compound produced from the peroxidation o f y-terpinene was /7-cymene, whereas 
linoleate yielded linoleoyl hydroperoxides.
In this study, y?-cymene showed no antioxidant activity. Indeed, it was rather pro-oxidant 
at the concentrations used. This might be explained by the stability of its molecular 
structure as for molecules of isopropyl toluene. These results are in agreement with a 
study carried out by Tepe et al. (2007) who evaluated the antioxidant activity of essential
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oil of Clinopodium vulgare (wild basil) using the DPPH method. These authors 
determined IC50 of thymol and y-terpinene as 161 ± 1.3 pg/ml and 122 ± 2.5 pg/ml, 
respectively, whereas y?-cymene did not show antioxidant activity. Prieto et al. (2007) 
studied the oils of Satureja montana L. and Origanum vulgare L. (Labiatae) along with 
four of their major components, namely, y?-cymene, carvacrol, thymol and y-terpinene. 
They were tested for peroxynitrite-induced formation of both 3-nitrotyrosine and 
malondialdehyde. Thymol and carvacrol inhibited 3-nitrotyrosine formation (IC50 values 
of 81.3 pM and 106.3 pM) and reduced malondialdehyde formation, whereas />-cymene 
and y-terpinene were completely inactive in both assays at concentrations up to 300 
pg/ml.
In this study the VO concentrations of thyme and thymbra (0.25, 0.5. 1.0, 2.0 pM) 
exhibited an antioxidant effect in a dose dependent manner when a typical concentration 
of 62.5 pg/ml LDL protein, equivalent to 0.1 pM LDL (assuming an a MW of 2.5 
million) was oxidized by the addition of 10 pM of ‘free’ C u ^  in PBS. The molar ratio in 
this system for Cu^: LDL : VOs was 10: 0.1: 0.25 (up to 2.0), resulting in the oxidation 
of each pmole of LDL with 100 pmoles of copper against the VOs (pM) concentrations. 
The parameters used in this system were compared to that used by Kulisic et al. (2007), 
in which LDL (0.1 pM) was oxidized with copper sulphate (2.5 pM) against the VO 
concentrations 0.002 g/1, 0.02g/l, 004g/l and 0.02g/l equivalent to 13.3, 26.6 and 133.3 
pM, respectively. The molar ratio between Cu^: LDL: VOs would be 25: 1: 13.3 (up to 
133.3), resulting in the oxidation of each pmole of LDL by 25 pmoles of copper against 
the VOs (pM) concentrations. In effect the VOs are 10 fold higher than the current study
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and the levels of C u ^  are four fold lower and this may explain to some extent as to why 
the lag phase was extended by 300 % in the Kulisic et al. (2007) study compared to the 
results of thyme and thymbra VOs (96 and 117 %), respectively, in the present study. 
Notably, in their study the VO at 13.3 pM did not show a significant effect on the 
kinetics of LDL oxidation, whereas in our study thymbra VO at 10 pM extended the lag 
phase and prevented the propagation phase until the end of the incubation (870 min.). 
Compositional differences between the herbs used in different studies may be a factor 
that could explain the differences observed in terms of LDL oxidation. In our study. 
Thymus syriacus and Thymbra spicata VOs were contained 74 % of thymol and 74 % of 
carvaerol, respectively. Whereas in Kulisic et al. (2007) study, the thymol content of 
thyme and wild thyme was 80.4 % and 30.0 %, respectively, and the carvacrol content 
was 2.1 % and 49.4 %, respectively.
Teissedre and Waterhouse (2000) studied the antioxidant capacity of 23 essential oils on 
LDL oxidation. This included four species of thyme VO (2 pM and 5 pM) and these were 
shown to extend the lag phase by 6.22 and 40.29 % for Thymuszygis L. (Spain red 
thyme), 60.27 and 92.23 % for Thymus vulgaris L. var. thymol (Provenee thyme), 60.15 
and 87.27 % for Thymus vulgaris L. (market thyme) & 77.7 and 95.06 % for Thymus 
serpyllum L. (wild thyme), respectively. The variations observed in antioxidant capacity 
could be explained by several factors such as the VO composition but the LDL 
composition and level of endogenous antioxidants may also be important.
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It has been hypothesized that C u ^  binds to distinct sites of the ApoB lipoprotein, forming 
centres of free radical production (Chevion, 1988) and some of the effects of the 
antioxidants tested may be explained by them competing with C u ^  ions for binding to 
ApoB sites. This could form redox inactive complexes and thus delay or prevent the LDL 
oxidation (Esterbauer, 1993). Phenolic compounds have the ability to bind proteins and 
the interaction of low molecular weight phenolic compounds (e.g. ^-coumaric acid, p- 
hydroxybenzoic acid, protocatechuic acid, caffeic acid and (+)-catechin) have been 
studied in terms of their interaction with bovine serum albumin (BSA; Bartolomé et al. 
(2000). This study found that protocatechuic acid and caffeic acid had a strong BSA- 
binding affinity, whereas /?-hydroxybenzoic acid did not. The mechanism of phenol- 
protein binding has been explained by Fares et al. (1998) who reported that protein- 
phenol complexes were formed through the binding sites of the aromatic nuclei and the 
hydroxyl group of the phenolic compounds, as both hydrogen bonding and hydrophobic 
interactions are the principal attractive forces between proteins and phenolic groups.
However, the relevance of the capacity of a compound to act as an antioxidant in vitro 
must be considered more broadly in terms of what the effectiveness may be in vivo. In 
this respect, the bioavailability of the compound in question is important and what 
happens to it in the body. Since the activity of the essential oils depends on the structures 
of the individual components, it is therefore important to address the role of these 
components. Thymol and carvacrol have been administered orally to rats and the 
oxidized products of the isomers have been determined (Austgulen et al. 1987). 
Glucuronides and sulphates of terpenoids have been detected in rats, rabbits and humans.
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and after 24 hours, small amounts of unchanged (unconjugated) compounds have been 
detected in small amounts (Takada et al., 1979). The general view of the bioavailability 
of volatile oil compounds has been described as a biphasic profile in terms of their 
pharmacokinetic characteristics. This suggests that there is a distribution of the 
compound from the blood to the tissues but due to the high clearance and short life (about 
1 hour), the accumulation of the compound in the body is unlikely (Kohlert et al., 2000). 
Clinical trials of volatile components (e.g. a-pinene, camphor and menthol) and clinical 
efficacy of 1,8 cineol for inhalation in chronic pulmonary obstruction and acute 
bronchitis is well established (Malo et al., 1993) but this study highlights that other VO 
components may be worth further investigation.
Essential oil terpenoids have the potential to be considered as natural antioxidants that 
could be formulated and used as supplements or additives for prevention of many 
degenerative diseases (Edris, 2007). The significance of plant terpenoids on human health 
is becoming more established (Sangwan et al., 2001) as more than 3000 compounds have 
been described so far (Teuscher, 1997). Thus the cultivation of herbal plants for their 
terpenoid content has become an increasingly important economic activity (Lang & 
Croteau, 1999).
4.6 Conclusion:
From this study it can be concluded that the VOs of thyme and thymbra have significant 
antioxidant properties in vitro in a Cu^-induced LDL oxidation model. Thymol was 
demonstrated to have the greatest activity of all the VO components tested and this was
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higher than its isomer, carvacrol, and this observed difference is probably due to steric 
hindrance. The terpenoid, y-terpinene possessed higher antioxidant activity than a- 
terpinene and this is probably due to a different double bond position within the ring 
structure. Thyme and thymbra VOs may have benefits in reducing lipid peroxidation in 
foods and may potentially have implications for health.
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CHAPTER FIVE
CHAPTER 5
ANTIMICROBIAL ACTIVITIES OF THE VOLATILE OILS OF 
THYMUS SYRIACUS BOISS. VAR SYRIACUS AND THYMBRA 
SPICATA L.
5.1 Introduction
A large variety of different methods have been employed to preserve foods since ancient 
times to the present day. These include basic methods such as drying, salting, and 
smoking to more modern methods including freezing, ultra-heat treatment and chemical 
preservation, all of which are based on sound microbiological principles (Adams and 
Moss, 2000). Chemical food preservatives, including organic and inorganic acids (and 
their salts), alcohols, antibiotics and phenols, all have an adverse impact on the survival 
of micro-organisms. Plant extracts have also been used as antimicrobial agents 
demonstrating a variety of modes of action (Cowan, 1999). In particular, herbs and spices 
and their constituent essential oils have anti-microbial properties, and their greater use in 
foods may provide an alternative approach to some chemical additives (Peter, 2004). 
Indeed, Oussalah et a l (2006) evaluated the effect of 60 different essential oils on a strain 
of Pseudomonas putida responsible for meat spoilage. The results showed that the 
essential oil from Spanish thyme {Corydothymus capitatus), rich in carvacrol, was the 
most active oil (minimum inhibitory concentration (MIC) 0.025 % (v/v)), whereas other
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essential oils for example, from Cinnamomum cassia. Origanum compactum, Satureja 
hortensis, and Thymus vulgaris thymoliferum showed weaker anti-microbial activity 
(MIC of 0.05 %).
Thymus syriacus and Thymbra spicata, members of Labiatae family, grow in the wild in 
Kurdistan-Iraq. Both herbs are called Jatra (thyme) in the local area whereas in regions 
close to the Iranian border they are called Hazbe. Traditionally, these herbs are used for 
the flavouring of foods such as boiled chick peas and wheat. However, many villagers 
also consume thyme in tea as a carminative to ease gastric discomfort. In addition, many 
residents of the mountainous regions administer thyme orally to animals who suffer from 
stomach bloating after heavy grazing. In Iraq, and indeed in many parts of the world, 
poor farming practices can lead to milk contamination. A particular problem in Iraq is the 
annual brucellosis outbreak which is often caused by the transfer of Brucella from soft 
cheese to humans. Since milk for soft cheese making does not undergo pasteurisation, if 
Brucella is present it can survive and may cause Malta fever, a chronic disease that can 
persist for a lifetime. The addition of herbs to soft cheese has gained popularity in recent 
years. For instance, garlic and chives are often added to European soft cheeses to add 
flavour and fresh mint leaves are used in some Asian appetizers. However, the presence 
of these herbs, which contain volatile oils rich in anti-microbials, may offer benefits other 
than the aforementioned flavour attributes. Therefore one of the aims of this study was to 
investigate the efficacy of two volatile oils in reducing the growth of E. coli in milk. A 
number of studies exist on the anti-microbial activities of Thymbra spicata (Unlu et al. 
2009) and various thymus species (Schelzz et al. 2006), however, no studies have been
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carried out on Thymus syriacus and few have examined the effect of the myriad of 
individual components present in these type of volatile oils.
In this study, the volatile oils of Thymbra spicata and Thymus syriacus were extracted by 
hydrodistillation and analysed using GC and GC-MS. The VOs and their individual 
components were then evaluated for their anti-microbial activities on a range of 
microorganisms using the disc diffusion method. Subsequent studies were carried out to 
evaluate the effect of VOs on milk inoculated with E. coli. This study aimed to 
investigate the efficacy of the volatile oils (VO) of Thymus syriacus and Thymbra spicata 
L. on a range of pathogenic bacteria and moulds; to determine the minimum inhibitory 
concentration of each herbal volatile oil in nutrient broth and to investigate the efficacy of 
the VO on G- negative E. coli in a milk system.
5.2 Materials and Methods
5.2.1 Materials: Bacterial strains and culture conditions
Staphylococcus aureus NCTC 6571, Escherichia coli ATCC 25922, Pseudomonas 
aeruginosa from American Type Culture Collection (ATCC) 10145, Listeria 
monocytogenes from National Type Culture Collection (NCTC) 5105, Bacillus cereus 
from National Type Culture Collection (NCTC) 5901, Clostridium sporogenes from 
University of Surrey Culture Collection (USCC) 2154, Candida albicans from University 
of Surrey Yeast Collection (USYC) 01 and Aspergillus flavus from University of Surrey 
Fungal Culture Collection (USFCC) A140 were prepared from active broth. A master 
culture of E. coli from an active broth was grown on a nutrient agar plate and kept at 4 °C
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to be used as a stock for E coli colonies. Thymus syriacus and Thymbra spicata were 
obtained from Iraq. Standard terpen(oid)s, namely, thymol, carvacrol, dipentene, a- 
terpinene, y-terpinene, terpeniol, nerolidol, ^ -cymene, o-cymene, cineol, linalool, thujone 
and bomeol, sodium caseinate and bovine serum albumin (BSA) were purchased from 
Sigma Aldrich Chemical Co. (Poole, UK); UHT milk (whole and skimmed) was 
purchased from J. Sainsbury Ltd (Guildford, UK).
5.2.2 Methods
5.2.2.1 The effect of VOs on a range of pathogens using the disc diffusion method 
Shade dried herbs (50 g) from fresh seasonal crops of Thymbra spicata L. and Thymus 
syriacus were hydro-distilled using the Clevenger apparatus. The VO extracts were 
analysed for their components using GC and GC-MS (as described by Jamil et al., 2009). 
For the assessment of anti-microbial activity, the VO extracts, as well as the range of 
terpen(oid) standards, were diluted to 10' ,^ 10'  ^ and lO'"^  (v/v) in MilliQ water (with 
vigorous vortex mixing). Each VO or standard was tested on a range of microorganisms 
by impregnating filter paper discs (6 mm) with 20 pi of the diluted extracts or standards 
and placing them onto agar plates pre-seeded with active broths of one of the following: 
«S', aureus, E. coli, P. aeruginosa, L. monocytogenes, B. cereus. Cl. sporogenes, C. 
albicans or A. flavus,. For the anaerobic Cl. sporogenes, an oxoid sachet was placed into 
an anaerobic jar where the clostridium plates were incubated. All plates were incubated at 
30°C over night.
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5.2.2.2 Determination of the minimum inhibitory concentration of VOs in relation to E. 
coli
The microbial screening provided useful data for the subsequent broth studies in which 
the effect of each of the VOs was tested in both nutrient broth and milk. The microbial 
suspension to be tested was prepared as follows: an isolated colony of E. coli was 
inoculated into 10 ml NB using a sterile loop. This culture was then incubated at 37 C 
overnight. On the following day, the overnight broth was diluted with 9 ml of maximum 
recovery diluent (MRD), sequentially from 10'  ^ to 10'^. The colonies originally present in 
the overnight nutrient broth (ONB) were enumerated using the Miles and Misra 
technique. The number of colonies present as cfu/ml was calculated using the equation: 
cfu/ml = N/D V,
where: N = the mean number of colonies counted, D = dilution factor and V = pL of a 
drop (20 p L ).
Six drops of the IC^, 10'  ^and 10'^ dilutions (20 pL each) were plated onto Nutrient Agar 
Plates (NAP) in triplicate. When the drops were absorbed into the agar, the plates were 
inverted and incubated at 37 °C overnight. To determine MIC of each VO in the broth a 
concentration range of the VOs i.e. 0.01, 0.015, 0.02, 0.025, 0.03, 0.04 0.05, 0.075, 0.1, 
0.15 and 0.2 % (v/v) was tested by the addition of appropriate volumes of each VO to 10 
ml NB which was subsequently inoculated with 10 pi of the 10’  ^ dilution of the E. coli 
culture. The test solutions were mixed thoroughly using a vortex mixer. To check for the 
sterility of the VOs, 20 pi of each of the VOs were added to 10 ml of NB in duplicate. All 
the tubes were incubated at 37 C overnight.
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Plating onto Nutrient Agar
The following day, all incubated broth solutions were examined by plating out onto agar 
plates after examining for turbidity. All broths which showed no turbidity were diluted to 
10'  ^ in MRD and six drops (20 pi) o f both, the neat suspension and 10'  ^ dilution were 
plated out onto nutrient agar. Once the drops were absorbed, the plates were inverted and 
incubated at 37 C overnight. For VO sterility test, the inoculated NB/VO (2 x 10 mL) 
were streaked out with a sterile loop onto agar plates in duplicate and incubated at 37 C 
overnight. The MICs can be determined once the inhibition at a concentration is observed 
between this and the preceding concentrations, i.e. when the test result showed less than 
starting log cfu/mL plus one log. The MCCs or bacteriocidal activity (BA50) was defined 
as the concentration % of a compound at which 50 % of the bacteria are killed after 60 
minutes (Friedman et al. 2003).
5.2.2.3 Assessment of the effect of VOs on E. coli in nutrient broth over time 
To measure the effect of each MIC and/or MCC of the each VO on E. coli over a time 
course, the following protocol was applied. To 25 ml of nutrient broth, one ml of the 
ONB of E. coli was added and mixed. This was followed by pipetting 5 pi of thymbra 
VO (equivalent to 0.02 %) and 3.75 pi of thyme VO (equivalent to 0.015 %) into the NB 
and mixing thoroughly. One ml of this suspension was then withdrawn at time intervals 
of 5, 10, 20, 30, 60 and 120 minutes, and diluted to 10'^ with MRD. Each dilution was 
plated out using Miles and Misra technique. All the plates were dried, inverted and 
incubated at 37°C over night.
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5.2.2.4 Assessment of the effect of VOs on E. coli in whole milk
Thyme and thymbra VOs were added to whole milk at the MIC (0.015 % and 0.02 %) 
and MCC (0.02 % and 0.025 %) which were obtained from the broth studies. Subsequent 
experiments were performed at 0.03 % and 0.04 %, respectively, and then each VO was 
tested at 0.05 %, 0.1 %, 0.25 % and 0.5 % (v/v). The protocol used in these experiments 
was the standard procedure in 5.2.2.3.
5.2.2.5 Assessment of the effect of VOs on E. coli in skimmed milk
To eliminate the possible effects of a high level of fat in the milk on the anti-microbial 
activities of the VOs, skimmed milk was tested. Thyme and thymbra VOs were tested for 
their inhibitory effects on E. coli growth in skimmed milk at their MIC demonstrated in 
the broth experiments (0.015 % and 0.02 %, respectively). The results demonstrated that 
none of the VOs showed any activities at these concentrations (5.2.2.3).
5.2.2.6 Determination of the bacteriostatic and bacteriocidal effects of the VOs for E. coli 
in skimmed milk
Since the MIC and MCC of the VOs were not effective on the inhibition of E coli growth 
in the skimmed milk, the VO concentrations were then increased to 0.05 % and 0.1 %, 
followed by the standard procedure (2.2.3).
110
5.2.2.7 Casein precipitation experiments
To evaluate the effect of casein within milk on the ability of each of the VOs to inhibit E. 
coli, experiments were conducted to remove this protein from skimmed milk.
Casein was precipitated by lowering the pH of the milk from pH 6.8 to pH 4.5 by the 
addition of 5 M HCl. The precipitated casein was then centrifuged at 9,589 x g. (3500 
rpm) for 5 minutes and the supernatant was isolated from the casein precipitate. The pH 
of the supernatant was then restored to the initial pH 6.8 using 5 M NaOH, followed by 
second centrifugation step in order to remove casein residues and precipitated salts. Strict 
hygienic practice and close working to the gas burner were followed at all the steps. 
Experiments were then performed on the casein free supernatant which was placed into a 
sterile universal tube. Experiments were conducted as described in section 5.2.2.3.
5.2.2.8 Effect of VO on E. coli in NB with added casein and albumin
To investigate further the role of casein and another relevant protein, BSA, in reducing 
the effectiveness of VOs at inhibiting E. coli in milk, an amount of casein equivalent to 
that naturally present in skimmed milk, was added to 25 ml nutrient broth. Similarly an 
equivalent amount of BSA was added to another 25 ml of broth. The protein-NB was 
sterilized through 0.22 p filter to remove any possible pathogen present in the proteins 
added. One ml of overnight broth was added to this solution and the mixture was 
thoroughly vortexed, followed by adding 0.03 % (final concentration) o f the VOs. 
Samples were then taken at time intervals using Miles and Misra technique as described 
in 2.2.3. This work was carried out in triplicate.
5.3. Results and discussion
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5.3.1 Initial screening
The main aim of this study was to evaluate the antimicrobial activities of Thymus 
syriacus and Thymbra spicata VOs in milk. The reason for this is that milk is used for 
cheese making and this product in some countries can be prone to contamination with 
some important pathogenic bacteria. The gram negative bacterium E. coli ATCC 25922 
was used as a model for studying the effects of the herbal volatile oils on bacteria. The 
analysis of the VOs by GC and GC-MS revealed the characteristic components of 
Thymus syriacus and Thymbra spicata. The major constituents of thyme VO was thymol 
(74.1 %) and carvacrol (9 %), whereas thymbra VO contained carvacrol (74 %) and (0.2 
%) thymol. The efficacy of the VOs is considered to be dependent on the characteristic 
components, and this in turn is affected by environmental and seasonal factors.
The initial screening of the anti-microbial effects of the VOs (Table 5.1.), was carried out 
to assess the antimicrobial effects of both the herbal VOs and their main components on a 
selection of micro-organisms including gram negative, gram positive and fungi. It was 
observed that both VOs, thymol and carvacrol at 0.1 % effectively inhibited microbial 
growth after 24 h. incubation. This study aimed to initially eliminate the adverse impact 
of organic solvents because these solvents could quench the action of the antimicrobial 
agents used (Remmal et al, 1993), and therefore all the VOs and other compounds were 
diluted with MilliQ water followed by thorough vortex mixing. Although it was possible 
to make emulsions with each VO, however, due to the hydrophobic nature of the standard 
terpenes, the dispersion or emulsion formation of the hydrocarbon terpenes was not easy
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and probably had an adverse impact on the microbial activity, whereas terpenoids such as 
thymol and carvacrol exhibited their activities mainly due to their hydroxyl group that 
made them partitioned in aqueous medium.
Table 5.1. Microbial inhibition zones (mm) by 0.1 % VOs of thymbra and thyme and 
their main components after 24 h. using the disc diffusion method.
Microbial inhibition zone -  mm
V O s/
compoun E. B. S. L. P. C. C.
ds coli cereu aureu monocytogenes aeruginosa sporogenes albican A. flavus
s s
Thyme 13 15 20 16 12 22 10 17
Thymbra 14 15 20 16 12 22 10 17
No
Thymol 12 20 15 0 12 10 10 growth
No
Carvacrol 8 20 13 0 8 10 20 growth
The effectiveness of individual compounds as antimicrobials is dependent on both the 
chemical structure of the compound and the microbe being investigated. It was reported 
that essential oils with high concentrations of thymol and carvacrol e.g. oregano, savory 
and thyme, usually inhibit Gram posetive (G+) more effectively than Gram negative (G-) 
pathogenic bacteria (Nevas et a l, 2004). In this study, however, we found that both VOs 
at 0.1 % were effective over the range of the microorganisms used, probably due to the 
VO dose used and the variations in the bacterial outer coats. G+ cells have a single 
plasma membrane surrounded by a thick layer of peptidoglycan consisting of linear 
polysaccharide chains cross-linked by short peptide forming a rigid cell wall, whereas G- 
bacteria have a dual membrane system of an outer layer (lipopolysaccharide and protein), 
and an inner layer (periplasma and peptidoglycan) making them more resistant to 
biological, chemical and environmental stress (Madigan et a l 1997). Our results in terms
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of the microbial susceptibility to the VOs was in the order C l sporogenes > S. aureus > 
B. cereus > E. coli > L. monocytogenes > p. aeruginosa and for fungi A. flavus > C. 
albicans (Table 5.1). Variation between thyme and thymbra VO activities on the 
microbial range was noticed which may be attributed to the compositional differences 
between the two herbs, as thyme contains 74.1 % thymol and 9 % carvacrol, whereas 
thymbra contains 74 % carvacrol and only 0.2 % thymol.
5.3.2 Determination of MIC of the VOs in NB
The E. coli incubations containing media enriched with VOs (0.2 -  2 %) looked turbid 
after an overnight incubation. This made it hard to assess the extent of microbial growth 
according to the turbidity produced. Therefore the neat broth and 10'  ^dilutions of each of 
the incubations containing the VOs at the range of concentrations (0.2 -  2.0 %) were 
plated out on agar plates in duplicate. No growth was observed on agar plates prepared 
from either the neat broth or the 10’^  dilution, for the range of the VO concentrations. 
Similarly, no growth was observed on the plates of the VO test for contamination.
The turbidity was due to the emulsion formed as a result of VOs interaction with the 
nutrient broth. Interestingly it was observed that the ONB enriched with thymbra VO, 
was accompanied by a colour change from yellow to murky violet and the intensity of the 
colour was proportional to the concentration of thymbra VO and the colour development 
may be due to oxidation of the polyphenol or due to the interaction between the 
monoterpene phenol (carvacrol) and the amino acids present in the nutrient broth.
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Ironically, this phenomenon was not observed with thyme VO in which thymol (the 
carvacrol isomer) constitutes an almost equal amount 74 % as carvacrol does in thymbra.
The VOs concentrations were reduced to (0 -  0.2 %), the test results of broth solutions 
were visibly clear except for 1 pi (0.01 %) and slightly 1.5 pi (0.015 %) solutions 
enriched with thyme VO, and 1 pi, 1.5 pi and slightly 2pl (0.02 %) solutions enriched 
with thymbra VO that looked cloudy, thus all the solutions were plated out including the 
control for further confirmation. The results showed that MIC of Thymus syriacus VO 
was 0.015 % and for Thymbra spicata L. VO it was 0.02 % against the E. coli strain used. 
It was also found that the Minimum Cidal Concentrations (MCC) for the VOs was (0.02 
%) and (0.025 %) for thyme and thymbra, respectively. With regards to the different 
views and definitions by researchers, the test for MIC and MCC concentration of both 
VOs were triplicated and the results were found to be consistent (Table 5.2). Once the 
inhibition at a concentration was first observed, the MICs were determined between this 
and the preceding concentrations, i.e. when the test result showed less than starting log 
cfu/mL plus one log. The colonies produced were counted using a magnified colony 
counter and the MIC and minimum cidal concentration (MCC) for the VOs were 
determined.
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Table 5.2. The minimum inhibitory concentration and minimum cidal concentration of 
Thymus syriacus and Thymbra spicata volatile oils on E coli in nutrient broth.
VO concentration in 10 mL E coll ONB
E coli cfu/mL 0.5 pL 1.0 |jL 1.5 pL 2.0 pL 2.5 pL 3pL 5.0 pL 7.5 pL 10 pL 15 pL 20pL
3 neat G G cloudy NG NG NG NG NG NG NG NG
Dilution 10^ G G cloudy NG NG NG NG NG NG NG NG
)ra neat G G G cloudy NG NG NG NG NG NG NG
Dilution 10^ G G G cloudy NG NG > NG NG NG NG NG
NG = no growth. G = growth
The average density of the VOs were measured as 0.85g m L '\ accordingly the MIC of 
the VOs for E coli were equivalent to < 1 mM for thyme VO and > 1 mM for thymbra 
VO. Assuming the average molecular weight of the VOs is 150 on the basis of thymol 
and carvacrol content. These findings are almost 15 fold less than the reported study by 
Bayder et al. (2004) for MIC (< 1 %) of a range of microbes including E coli and about 4 
fold less than the results of Askun et al. (2009) the MIC of E. coli (0.64 mg mL'^). Our 
findings are in agreement with the lowest end of the range reported by Burt (2004) that 
showed that most essential oils demonstrated their antibacterial activity at levels of 0.2 
and 10 pL m L '\ Other researchers (Hammer et a l, 1999; Burt and Reinders, 2003) have 
reported a different range of thyme oil MIC (0.45 -  1.25 pL mL'^). However, differences 
in antibacterial activity of VOs of the same species may be attributed to several factors 
including environmental, harvesting seasons, genotype, drying and the distilled part of 
the plant, that influence the composition and proportion of individual compounds in the 
herbal VO (Juliano et al, 2000; Arrebola et a l, 1994).
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5.3.3. The effect of the VOs (MIC) on E coli in NB over time
One of the factors affecting the effectiveness of antimicrobial agents is the length of 
contact time of the compound in the microbial environment and hence with the microbial 
membrane. The effects of the VOs by time were measured following a standardised 
procedure and the colonies were counted at each time point. The overnight broth colonies 
(3.5 X 10®) were calculated and the colonies in 25mL were 1.4 x 10^ . The results were 
converted to Log. 10 bases (Table 5.3), showing the decrease of colonies by time (Fig. 
5.1).
Effect of thyme and thymbra VOs on E coli in nutrient broth
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Fig. 5.1. Inhibitory effect of thyme and thymbra VOs (MIC) on E. coli in nutrient broth 
over a time period of 120 minutes.
117
Table 5.3. Inhibitory effect of thyme and thymbra VOs on E. cloi growth in nutrient broth 
by time
Thyme VO 0.015 % Thymbra VO 0.02 %
Time Log. 10 cfu/mL Log. 10 cfu/mL
0 7.1 7.1
5 5.1 5.55
10 4.04 5.04
20 3.9 4.53
30 3.85 4.4
60 3.1 4.25
120 2.1 3.9
Thyme and thymbra VOs reduced the E. coli colonies count by 5 log and > 3 log, 
respectively, in two hours. The inhibitory effect of the herbal VOs was mainly due to 
their major phenolic monoterpene thymol and carvacrol and this has been confirmed by 
researchers (Kunle et al. 2003, Helander et al. 1998, Friedman et al. 2002 and Olasupo et 
al. 2003). Carvacrol is known to disrupt the outer cell membrane of E. coli (Helander et 
ah, 1998) and it was suggested that it acts as a proton exchanger by which reducing the 
pH across the cytoplasmic membrane resulting in the collapse of the proton motive force 
and depletion of the ATP pool resulting finally in cell death (Ultee et a l, 1999, 2002). In 
a study carried out by Di Pasqua et al. (2007) in which a number of pathogens including 
E. coli were treated with a variety of phenolic compounds (including thymol and 
carvacrol), the antimicrobial action of the compounds occurred in the membrane leading 
to an alteration of the fatty acid profiles as well as the modification or disintegration of 
the cell structure. The mechanism of action of carvacrol and thymol at 200 mg 1'^  against 
E. coli has been attributed to their ability to permeabilize and depolarize the cytoplasmic
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membrane (Xu, et al. 2008). Thymol and its isomer carvacrol, appear to make the cell 
membrane permeable (Lamber et ah, 2001), both are able to disintegrate the outer 
membrane of Gram-negative bacteria by releasing lipopolysaccharides and thus 
increasing the permeability of the cytoplasmic membrane to ATP, leading to leakage of 
ions and other cell contents (Lambert et al. 2001; Utlee et al, 2002).
5.3.4 The effect of VOs on E coli in milk over time
5.3.4.1 The effect of VOs on E coli in whole milk
Milk is an ubiquitous food system, presented for public consumption in different forms in 
terms of both compositional content and prior heat treatment. Milk is a multi component 
system, and in addition to water it contains protein, fat and carbohydrate (lactose). In this 
study, the effect of the VOs on the inhibition of E. coli were tested in whole milk, 
skimmed milk (to investigate the effect of reducing the fat content) and decaseinated 
skimmed milk thus reducing the fat and protein present, compared to whole milk.
When the VOs were added at their MIC and MCC obtained for nutrient to whole milk 
inoculated with E. coli, none of the VOs showed inhibitory activity. When the 
concentrations were increased from 0.015 and 0.02 % increased up to 0.5 % there was 
also no inhibitory activity of the VOs. These results suggest that the VOs are not suitable 
preservatives for whole milk, and this may be due to the presence of fat and protein in the 
whole milk. The VOs are composed mainly of terpenoids which are highly lipophilic and 
will dissolve in the fat present in the milk; Furthermore, the phenolic compounds are 
likely to react with the milk proteins, particularly casein (Bartolomé et al. 2008), resulting 
in deactivation of the phenolic compounds E. coli (Table 5.4).
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Table 5.4. Effects of various concentrations of thyme and thymbra VOs on whole milk 
inoculated with E coli.
0.05% 0.10% 0.25% 0.50%
Time thyme thymbra Thyme Thymbra Thyme Thymbra Thyme Thymbra
0 7.245 7.25 7.2 7.2 7.2 7.2 6.85 6.85
5 7.25 7.25 7.27 7.414 6.89 7.079 7.72 6.86
10 7.3 7.28 7.26 7.398 7.02 7.2 6.85 6.79
20 7.3 7.3 7.27 7.735 7.19 7.12 6.85 6.9
30 7.3 7.27 7.14 7.367 6.92 7.22 6.92 7.01
60 7.28 7.3 7.27 7.34 7.16 7.037 6.9 6.9
120 7.36 7.38 7.27 7.4 7.05 6.995 6.05 7.04
5.S.4.2. Effects of thyme and thymbra VOs on E. coli in skimmed milk 
To reduce the impact of fat in the milk, thyme and thymbra VOs were tested in skimmed 
milk at the MIC and MCC concentrations that were obtained from the broth experiments. 
Here, the effects of the VOs on E. coli were attenuated possibly due to the presence of 
proteins present in the milk (casein and whey). The concentrations of the VOs were 
therefore increased to 0.03 % and 0.04 %, for thyme and thymbra, respectively. In the 
meantime the VOs (0.3 and 0.4 %) were tested on diluted E coli colony culture (10^ 
cfu.mL'^) to evaluate the effects of colony concentration on VO activity, however, no 
signs of activity were observed. Interestingly when higher VO concentrations were used 
the bacteriostatic and bactericidal were 0.05 % and 0.1 % determined, for thyme and 
thymbra, respectively (Table 5.5).
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Table 5.5. Effect of thyme and thymbra VOs at (0.03 + 0.04) %, 0.05 % and 0.1 % over 
time on E coli growth inoculated to skimmed milk.
0.03% 0.04% 0.05% 0.05% 0.10% 0.1%
Time thyme thymbra Thyme Thymbra thyme thymbra
0 7.17 7.08 7.15 7.15 7.11 7.14
5 7.39 7.18 7.07 7.07 5.39 4.80
10 7.11 7.18 6.83 6.87 5.04 4.18
20 7.00 7.18 5.96 6.20 4.04 2.92
30 7.11 7.15 5.78 5.82 0 0
60 6.85 7.08 5.47 5.60 0 0
120 6.88 7.08 5.35 5.52 0 0
Thyme and thymbra VOs (0.05 %) showed almost comparable bacteriostatic activity for 
E. coli in skimmed milk, reducing the bacterial load by 1.5 log. and the VOs (0.1 %) 
completely inhibited E. coli growth after 30 minutes (Fig. 5.2).
Effects of thyme and thymbra VOs (0.03 + 0.04, 0.5, 0.1) % on Ecoli in skimmed milk
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Fig. 5.2. Graphical illustration of the effect of concentrations (0.03 + 0.04) %, 0.05 % and 
0.01 % of thyme and thymbra VOs on E coli in skimmed milk, showing static (0.05 %) 
and cidal (0.1 %) effects.
121
While the VOs of thyme and thymbra showed bactericidal activity against E. coli in broth 
at 0.02 % and 0.025 % (Table 5.2), the VOs were required at a higher concentration in 
skimmed milk to achieve the same effect. This is in line with the observations of Shelef 
(1983) and Smid and Gorris (1999) who reported that in general a greater concentration 
than MIC of VOs were needed in foods. Researchers used VOs in different food systems 
and the ratio required was approximately two fold in semi-skimmed milk (Karatzas et al,
2001) and 50 fold in soup (Ultee and Smid 2001).
In this study, the increase in VOs concentration can be attributed to the role of milk 
proteins which binds to excess VOs MIC added to the skimmed milk. Fares et a l  (1998) 
reported protein-phenol complex are formed through the binding sites of the aromatic 
nuclei and the hydroxyl group of the phenolic compounds, as both hydrogen bonding and 
hydrophobic interaction are the principal attractive forces between protein and phenolic 
groups (Wu et al, 2008). The protein binding probably played a role when VOs were 
tested on E. coli at 10"^  dilution (2.2.3), the VOs (0.03 % and 0.04 %) showed no effect 
on E coli growth inhibition. To eliminate the possible role of casein in the skimmed milk, 
casein was precipitated.
5.3.4.3 Casein precipitation
To eliminate the role of casein in the skimmed milk, casein was precipitated. Following 
casein removal, the remainder of the solution was considered to contain only whey 
proteins, bovine serum albumin and lactose. When tested the VOs, thyme VO (0.03 %) 
and thymbra VO (0.04 %) showed bacterial reduction by over 3 logs after 5 minutes, and
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they completely inhibited E. coli growth after 30 and 60 minutes, respectively (Table 
5.6.). These results indicate possible neutrality of lactose and also that the VOs are not 
bound by the whey proteins present in the milk solution, so that the free VOs molecules 
could act against the E. coli in the solution.
Effects of thyme and thymbra VOs (0.03 and 0.04) % on Ecoli in decaseinated skimmed rriik
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Fig. 5.3. Effect of casein removal in milk in VOs activity on E coli in decaseinated 
skimmed milk.
Table 5.6. Inhibitory effect of thyme and thymbra VOs on E coli in decaseinated 
skimmed milk.
Thyme VO 0.03 % Thymbra VO 0.04 %
Time Log. 10 cfu/ml Log. 10 cfu/mL
0 8.57 8.57
5 4.88 5.08
10 3.96 4.00
20 2.70 2.80
30 0.00 1.39
60 0 0
120 0 0
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To confirm the binding properties of casein and BSA with thyme VOs, a broth was 
prepared that contained (3.4 % protein) sodium caseinate and bovine serum albumin in 
ratio of 80 : 20. In this assessment, thyme VO (0.03 %) showed no inhibitory activity 
against E. coli (Table 5.7) and the outcome was comparable to that of the original 
skimmed milk (2.2.5).
Table 5.7. Effect of thyme VO (0.03 %) on E coli in reconstructed broth with albumin 
and casein
Time
Log.cfu/ml
Albumin
Log.cfu/ml
Casein
0 728 7.28
5 7.34 &55
10 7.24 7.26
20 7.34 7.02
30 7.42 7.02
60 7.46 6.89
120 7.46 6.64
These results suggest the binding capacity of sodium caseinate (80 %) and BSA (20 %), a 
major and minor proteins in milk to the VOs thereby inhibiting their action against the E. 
coli inoculated to the broth. Other phenolic compounds such as vanillin have also been 
shown to have strong interaction with BSA through hydrophobic interaction and sodium 
caseinate through hydrogen bonding (Chobpattana, et al. 2002).
124
The antimicrobial effects of essential oils have been assessed in an array of foods 
including meat, fish, dairy, vegetables, rice and fruit among which thyme oil and 
carvacrol have been extensively used. For instance carvacrol at 2-3 mM has been used in 
semi-skimmed milk; another preservative comprising 50 % EOs (rosemary, sage and 
citrus) has been used in soft cheese; clove, cinnamon, cardamom and peppermint oil 
(0.005 -  0.5 %) have been used in milk before fermentation for yoghurt production; and 
clove oil (0.5 -1 %) has been used in Mozarella cheese (Burt, 2004).
The significance of this study lies in the possible application of the thyme and thymbra 
VOs in a range of foods. Clearly, however, the addition of these oils to foods needs to be 
carefully considered in terms of aroma and organoleptic compatibility with the food 
items. The demand for a healthier low-fat diet, combined with the trend for natural and 
green products (Smid and Gorris, 1999) and a lower usage of synthetic compounds of 
less impact on environment and the world wide call for reduction in salt consumption 
(WHO, 2002), require careful development of safe product . The use of volatile oils in 
skimmed milk and its products could be considered for increasing microbial quality. 
Further, the application of thyme and thymbra VOs as food preservatives in low fat and 
protein content, products such as soft drinks including fruit juices needs more research in 
terms of effectiveness and sensory acceptability.
5.4 Conclusion
This study demonstrated the antimicrobial properties of Thymus syriaciis and Thymbra 
spicata volatile oils against a broad range of microorganisms. It was observed that the
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MIC (0.015 % and 0.02 %) and MCC (0.02 % and 0.025 %) of thyme and thymbra VOs 
respectively against E coli in nutrient broth. Further, both VOs showed bacteristatic at 
(0.05 %) and bactericidal (0.1 %) effects against E. coli in skimmed milk. Milk protein 
was found to have an adverse impact on the antibacterial effects of the VOs used in 
whole milk and skimmed milk, whereas lactose was neutral when VOs were added to 
decaseinated skimmed milk. Both herbal VOs may be considered as food preservatives 
and could be applied to a range of foods after an analysis of their organoleptic effects in 
foods.
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CHAPTER SIX
CHAPTER 6
CYTOTOXICITY AND ANTIOXIDANT ACTIVITY OF THYMUS 
SYRIACUS VAR. SYRIACUS AND THYMBRA SPICATA L. IN 
HUMAN COLON CANCER (CACO 2) AND ENDOTHELIAL CELLS
6.1 Introduction
Plants have been used for medicinal purpose over the centuries as tinctures, teas, 
powders, poultices and other forms (Samuelson, 2004). The safety aspects of many plants 
and their essential oils are still under investigation and recently, drug discovery 
techniques have been applied to standardize herbal medicines and to identify analytical 
marker compounds (Balunas and Kingdom, 2005).
Herbs and their essential oils have also been used for food flavouring, food preservation 
and in the fragrance and pharmaceutical industries (Fabian et al. 2006). Many essential 
oils and their components also exhibit biological activities including antibacterial and 
antifungal activity. The hydrophobic nature of the essential oils have led researchers to 
suggest that the mode of antimicrobial action is primarily at the cell membrane where 
they increase permeability, resulting in leakage of enzymes and metabolites (Bard et al., 
1988; Sikkema e /«/., 1995; Smid et al., 1996).
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Although plant volatiles are common ingredients of the human diet, the increased human 
exposure to such compounds as a result of their application as crop protectants such as 
carvon (Hartmans et al., 1995), and possible uses as antimicrobial, antioxidant and food 
preservatives requires an assessment of their toxicity. Thyme and thymbra, members of 
Labiatae family, are among the most active antimicrobial herbs and their activities are 
attributed to the main phenolic terpenoids thymol and carvacrol, respectively. Carvacrol 
is also a major component of oregano (Rodrigues et al., 2004) which is generally 
recognized as a safe food additive and is used in baked goods, sweets and beverages, 
where it may also act as a potential food preservative (Burt, 2004). Carvacrol also has a 
broad insecticidal activity against agricultural, store-products and medical arthropod pests 
using filter paper diffusion method tests (Ahn et al., 1998).
Thymol, the active ingredient in thyme (Pina-Vaz et al., 2004) has been used 
commercially for over a hundred years as an active ingredient of mouthwash. Besides its 
antimicrobial role (Friedman et ah, 2004; Walsh et al., 2003; Chiasson et al., 2004), it 
has been also used as an insecticide against A. stephensi with LD50 values of 80.77 pg/ml 
(Pandey et al., 2009). Thyme VO is also reported to inhibit aflatoxin production 
(Hammer et ah, 1999; Friedman et ah, 2004; Pina-Vaz et ah, 2004; Chiasson et al., 
2004).
It was reported by Fabian et al. (2006) that doses of essential oils of thyme, oregano, 
clove and cinnamon, that can completely inhibit bacterial growth (0.05 %), also show 
relatively high cytotoxicity to intestinal-like cells cultured in vitro, whereas low doses
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(0.01 %) had only partial antimicrobial activity and their damaging effect on Caco-2 cells 
was modest. These authors also reported that oregano VO and its major component 
carvacrol, slightly increased the incidence of apoptotic cell death. However, thyme oil 
exhibited high toxicity, increasing apoptotic and necrotic cell death; in contrast, thymol 
showed no cytotoxicity. Apoptosis or cell death is a physiological process (Chen et al.
2002) resulting in cytoplasmic shrinking, loss of cell-cell contact and membrane leakage 
(Sutherland et al., 2001). Cell apoptosis has also been used to test compounds for 
anticancer properties (Chen et al, 2002).
The genotoxic impact of thymol and carvacrol was studied by Azirak and Rencuzogullari 
(2008) who reported that thymol (40, 60, 80 and 100 mg/kg b.w) and carvacrol (10, 30, 
50, and 70 mg/kg b.w.) induced significant genotoxic effects in the bone marrow cells of 
rats. Stammati et al. (1999) in their assessment of cytotoxicity and genotoxicity of thymol 
(0.25-2.20 mM), carvacrol (0.03-3.12 mM), cinnamaldéhyde (0.16-0.53 mM) and S(+)- 
carvone (0.06-3.21 mM), found that all test compounds inhibited cell viability and 
proliferation of Hep-2 cells in a dose-dependent manner and none of the compounds 
caused DNA damage.
The effect of carvacrol (100, 250, 500 and 1000 pM) on A549 cell line (a human non­
small cell lung cancer) was assessed by Tansu et al., (2003). A549 cells treated with 500 
and 1000 pM carvacrol exhibited cytoplasmic shrinkage and loss of cell-cell contacts 
which were the initial changes in apoptotic cells; they concluded that carvacrol could be 
utilized as a drug against lung cancer. Other in vitro studies showed that carvacrol can
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protect human lymphocytes from oxidative stress (Aydin et al., 2005) and (Horvathova et 
al., 2006).
In this study we assessed the toxicity of the volatile oils of two herbs Thymus syriacus 
and Thymhra spicata from Kurdistan-Iraq, as well as their main constituents thymol and 
carvacrol in an in vitro Caco-2 cell culture model. Furthermore, the antioxidant activities 
of the herbal VOs were assessed in the presence of an organic oxidising agent tert butyl 
hydroperoxide using Caco-2 cells; additionally the VOs were tested in endothelial cells.
6.2 Materials and methods
6.2.1 Materials
Human colorectal carcinoma (Caco-2) and endothelial (EA.hy 926) cell lines were 
obtained from the European Collection of Cell Cultures (ECACC). Foetal bovine serum 
(FBS), trypsin EDTA solution, Dulbecco’s Modified Eagle Media (DMEM), glutamine, 
penicillin/streptomycin and non essential amino acids (NEAA) were obtained from 
Invitrogen (Paisley, UK). Thymol, carvacrol, tert-h\xXy\ hydroperoxide (t-BHP), 2-amino- 
7-dimethylamino-3-methyl phenazine hydrochloride (MTT) dye and dimethyl sulphoxide 
(DMSO) were purchased from Sigma-Aldrich (Poole, UK). Phosphate buffered saline 
(PBS) was obtained from Oxoid (Hampshire, UK).
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6.2.2. Methods
Volatile oils were extracted from hand picked, shade dried Thymus syriacus and Thymhra 
spicata, by hydro-distillation using a Clevenger apparatus (Jamil et al, 2009). As 
described previously, GC and GC-MS analysis showed that 74.1 % thymol and 74 % 
carvacrol were present in thyme and thymbra, respectively. Four concentrations of 
thymol and carvacrol (10, 20, 50, and 100 pM) and three concentrations (0.1, 0.25 and 
0.5 pM) of the volatile oils of thyme and thymbra were made up in DMEM. Prior to 
diluting the test compounds in the culture media, the terpenoids and the VOs were 
dissolved in ethanol and filtered through a Millipore filter (Millex-GS 0.22 pm pore size; 
Millipore, Ireland) to give a final concentration of 1 % in ethanol. Control samples were 
cultured in DMEM containing 1 % ethanol as positive control.
6.2.2.1 Cell culture preparation
Frozen Caco 2 cells in cryo-vials were thawed and treated with 5 ml of Dulbecco’s 
Modified Eagle Media supplemented with 20 % heat-inactivated foetal bovine serum 
(FBS), 5 % glutamine, 5 % penicillin/streptomycin and 5 % NEAM. The Caco-2 cells 
were cultured in DMEM and were grown in 25 cm^ tissue-culture flasks (Coming Co., 
Cambridge, MA) to a concentration of 2 x 10"^  cells/ml. Cells were counted using a 
haemocytometer and sub-cultured every 48 h. Cells were incubated in a humidified 
atmosphere of 5 % (v/v) CO2 in air at 37 °C. The cell monolayer in the bottom of tissue 
culture flask was harvested by the addition of 1 ml trypsin/EDTA after washing with 5 ml 
PBS. Cells were counted using a cytometer and seeded in 96-well fiat bottomed plates.
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6.2.2.2 Cell enrichment with VO and terpenoids
When cells were confluent (i.e. after 24 h or more), the medium was removed and fresh 
DMEM (without FBS) containing the test compound was added to the wells in a range of 
concentrations of thymol and carvacrol (10, 20, 50 and 100 pM) and herbal VOs (0.1, 
0.25 and 0.5 pM). Plates were then incubated for 17 h at 37 °C in 5 % CO2. After 
aspirating media-free FBS from wells, the cells were washed with PBS and incubated 
with an oxidizing agent 200 pL of 5 mM tert-hutyX hydroperoxide (^-BHP) for 2.5-3 h.
b.2.2.3 MTT assay
The toxicity and antioxidant activity of the VOs and terpenoids on ^-BHP-induced 
oxidation were determined by the MTT [tétrazolium salt (3-4,5-dimethylthiazol-2-yl)- 
2,5-diphenyl tétrazolium bromide] assay, measuring cell viability as described by 
Sladowski et ah (1993). Cleavage of MTT by the mitochondrial enzyme succinate- 
dehydrogenase from live cells results in an insoluble dark blue formazan. After 
incubation with /-BHP, cells were carefully washed with PBS. The florescence yellow 
liquid tétrazolium salt (MTT) was prepared at a concentration of 10 mg/ml in PBS, and 5 
pi was added to each well. After 4 h of incubation at 37 °C, the tetra-zolium salt was 
reduced by viable cells to violet fine crystals, and dimethyl sulfoxide (DMSO) reagent 
(150 pi) was added to dissolve the formazan crystals. The plates were shaken gently and 
the absorbance was read at 492 nm using a plate reader (Behring Co., Marburg, 
Germany). The absorbance values were compared against the control (without /-BHP) 
that was treated in the same manner.
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6.3 Results and discussion
As thyme and thymbra and their main compounds thymol and carvacrol respectively are 
widely used in folk medicine and as flavourings and preservatives and have potential 
health enhancing properties, their safety is important, particularly if long term exposures 
and higher doses for neutraceutical purposes are considered.
The toxicity of the herbal VOs was assessed in human colon cancer (Caco-2) cells using 
the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) method, where 
reduction of tétrazolium salt is used as an index of redox cell status (Beatriz et ah, 2005). 
The principle of the method is based on the reduction of the yellow MTT reagent by the 
endosomal/lysosomal compartment of viable cells (endocytosis) and the transportation of 
the resultant formazan to form violet extracellular needle-like structures (exocytosis), 
which can be measured spectrophotometrically (Mosmann, 1983, Nikkah et, al., 1992 and 
Shearman et al., 1995). Though the rate of MTT formazan exocytosis is remarkably 
varied in different types of cells (Liu et a l, 1997), the method is regularly used to 
measure cell proliferation and cytotoxicity, as well as to evaluate metabolic modifications 
in normal or neoplastic cells.
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In the present study, thymol and carvacrol were tested for their toxicity effect on Caco-2 
cells at four concentrations 10, 20, 50 and 100 pM equivalent to 1.5, 3, 7.5 and 15 pg ml 
Significant cell reduction was not observed in the presence of the isomeric compounds 
even at their highest concentration (100 pM) compared to the control (no compound) 
(Fig. 6.1.). This is in line with Tansu et al. (2003) who treated A549 cells with carvacrol 
(100, 250, 500 and 1000 pM), and found that carvacrol induced cytoplasmic cell 
shrinkage only at 500 and 1000 pM. However, Beatriz et al. (2005) revealed that 
phagocytic (alveolar-peritonial) and non-phagocytic (lung fibroblasts-V79 and breast 
carcinoma -  MCF-7) cell lines showed varied response to MTT reduction due to different 
endocytic-exocytic mechanisms.
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Fig. 6.1. Cytotoxicity of a) thymol and b) carvacrol at concentrations (10, 20, 50 and 100 
pM) on Caco-2 cell proliferation, expressed in percentages against control (no compound 
added) ± SE (n=12).
Untreated Caco-2 cells with ethanol (control) showed no significant cell decrease after 24 
h, indicating that 1 % ethanol had no effect on Caco-2 cell reduction. The volatile oil of 
thyme and thymbra (0.1, 0.25 and 0.5 pM equivalent to 15 ng/mL, 37.5 ng/mL and 75 
ng/mL) exhibited no significant (p > 0.05) cytotoxic effect when incubated with Caco-2 
(fig. 6.2) and endothelial cell lines (Fig. 6.3).
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Fig. 6.2. Cytotoxicity of a) thyme and b) thymbra at concentrations (0.1, 0.25, 0.5 pM) on 
Caco-2 cell proliferation, expressed in percentages against control (no compound added) 
±SE (n=12).
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Fig. 6.3. Cytotoxicity of a) thyme and b) thymbra at concentrations (0.1, 0.25, 0.5) pM 
on endothelial cell proliferation, expressed in percentages against control (no compound 
added) ± SE (n=12).
After the cell culture results of the first assay showed no toxic effects of thymol and 
carvacrol at the concentrations 10 -  100 pM, it was decided to test the oxidized cells with 
VOs in the concentration range that showed inhibition of LDL oxidation. The VOs at 
concentrations of 0.25, 0.5 and 1 pM significantly inhibited copper induced LDL
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oxidation (Chapter 4). Therefore, measuring the efficacy of the VOs at these 
concentrations in oxidised cells was of prime interest.
When Caco-2 cells were subjected to oxidative stress by organic /-BHP, cell viability 
was reduced by 15 % compared to the control (Fig. 4). Cells enriched with thyme and 
thymbra VOs (0.1, 0.25 and 0.5 pM) showed a dose dependant relationship. Thyme and 
thymbra VOs (0.1 pM) showed no significant (P > 0.05) inhibition against oxidizing 
agent /-BHP as cell reduction was 16 % and 12 % respectively. However, at higher 
concentrations, the VOs (0.25 and 0.5 pM) significantly reduced cell oxidation compared 
to the control, and thymbra VO showed slightly better antioxidant activity than thyme 
(Fig. 6.4). The genotoxicity of t-BHP was reported by Lapshina et al. (2005) when they 
treated Chinese hamster B14 cells with t-BHP (1000 pM) and cell viability was reduced, 
resulting in significant DNA damage, oxidation of intracellular GSH, membrane 
fluidisation, potassium leakage and a significant decrease of membrane potential that led 
to cell death. In this study, the inhibitory properties of thyme and thymbra VOs against t- 
BHP were compatible with the observation that thyme and thymbra VOs (0.25, 0.5, 1.0 
and 2 pM), showed antioxidant activity in a copper induced LDL oxidation model (Jamil 
et al, 2009); in the LDL oxidation study we showed a dose dependent increase in lag- 
phase extension, 96 % and 117 % respectively against control, at the highest 
concentration assessed (2.0 pM). The anti oxidant activities of thyme and thymbra VOs 
can be explained by their high content in thymol and carvacrol (74.1 and 74 %) 
respectively which are known for their potent inhibitory oxidation due to the hydroxyl 
group in the aromatic ring (Yanishlieva et al. 1999).
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The antioxidant role of thymol and carvacrol was also reported by Harvathova et al. 
(2006) who investigated cytotoxic, genotoxic and DNA-protective effects of carvacrol 
and thymol on human hepatoma HepG2 and colonic Caco-2 cells cultured in vitro. These 
authors reported that at concentrations <lC$o the phenolic compounds did not induce 
DNA strand breaks in any of the cells. Further, the compounds showed significant 
protection of the DNA in cells treated with H2O2 after 24-h incubation. The free radical 
scavenging of herbal essential oils including thyme, basil and oregano and their 
antioxidant properties in the DPPH radical assay at room temperature has also been 
reported (Tomaino et a l, 2005).
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Antioxidant effect of thymbra VO on t-BHP induced Caco-2 cell oxidation
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Fig. 6.4. Antioxidant effect of a) thyme and b) thymbra at concentrations (0.1, 0.25, 0.5 
pM) against /-BHP induced Caco-2 cell oxidation. Data are expressed in percentages 
against control (no compound added) ± SE (n=12).
In this study lower VO concentrations (0.1, 0.25, 0.5 pM) were used because the 
contribution of reactive antioxidants is likely to be overestimated in vitro assays (Haenen 
et al, 2006) as the accumulation of reaction products in vivo is expected to be lower than 
that in vitro systems due to the endogenous antioxidants that may restore the reaction 
product to the parent antioxidant.
There is little information available regarding the bioavailability of VOs or their main 
compounds thymol and carvacrol. A clinical trial has shown that the bioavailability of 
thymol was 16 % after detecting thymol sulphate in plasma and 16 % thymol 
glucuronides in urine (Kohlert et al, 2002), when 12 healthy male volunteer were each 
given a single dose of Bronchipert TP tablet equivalent to 1.08 mg thymol. It was 
reported by Takada et a l (1979), that when 0.6 g thymol was given to two volunteers, 
thymol sulphate and thymol glucuronide were detected in urine. After 2 h, peak plasma
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concentrations of thymol sulfate were 93 ng/ml. The mean terminal elimination half life 
was 10.2 h and the low renal clearance of 0.271 1/h indicated slow elimination.
There are only few toxicological data available, for example, an oral LD50 of 
cinnamaldéhyde in rats was 2220 mg/kg body weight and carvone 1640 mg/kg body 
weight (Jenner et ah, 1964); none of the compounds showed effects at doses of 2500 and 
1000 ppm in 1 yr and 27-28 wk rat studies, respectively (Hagan et a l, 1967). The 
acceptable daily intake (ADI) o f cinnamaldéhyde and carvone was established as 1.25 
and 1 mg/kg body weight, respectively (Council of Europe, 1992). Oral LD50 values in 
rats are also available for carvacrol (810 mg/kg body weight) and thymol (980 mg/kg 
body weight) (Jenner et a l, 1964); moreover, for thymol a no effect level has been 
calculated in a 19-wk oral rat study (Hagan et a l, 1967). In a study carried out by 
Buyukleyla & Rencuzogullari (2008) who investigated the effects of thymol (25, 50, 75, 
and 100 pg/ml) in human peripheral lymphocytes it was shown that thymol may pose a 
genotoxic risk for humans and therefore care should be taken when using it in food, 
beverages, pharmacology, perfumery, cosmetics and as antihelmintic, antiseptic, 
antifungal, antibacterial, antiphrastic and antiviral substances. It should be noted that the 
concentrations taken in the above study were far higher (166.6, 333.3, 500 and 666.6 pM) 
than those used in the present study.
However, an estimate of thyme and thymbra ADI (Img/Kg BW), similar to those of 
cinnamaldéhyde and carvone, would be equivalent to two full table spoons (5g) of the 
dried herbs for 75 Kg body weight. Essential oils may well be considered as potential
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natural antioxidants and could be formulated as a part of daily supplements or food 
additives to prevent oxidative stress that may contribute to many degenerative diseases.
6.4 Conclusions
Thymus syriacus and Thymhra spicata VOs (0.1, 0.25 and 0.5 pM), their main 
constituents thymol and carvacrol (20-100 pM) and ethanol (1.0 %) had no toxicity effect 
on both Caco-2 and endothelial cells. The herbal VOs (0.25 and 0.5 pM) inhibited 
oxidation of t-BHP in Caco-2 and endothelial cells in a dose dependant relationship. 
There is still little or not enough in vivo information on the effect of thyme and thymbra 
or their main essential oils. However, further studies are needed on essential oils from 
herbs due to their abundance, popularity of natural products with consumers and their 
diverse therapeutic potential including anticancer effects as well as different modes of 
action compared to classic cytotoxic chemotherapeutic agents (Rajesh et al. 2003).
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CHAPTER SEVEN
CHAPTER 7
GENERAL DISCUSSION
This study is an investigation of two herbs namely, Thymus syriacus Boiss Var. Syriacus 
and Thymhra spicata L. that grow in the wild in the Kurdistan region of Iraq, covering 
characterization, anti-oxidant activities (in food-grade sunflower oil, human LDL and cell 
culture), antimicrobial activities (in: agar, broth and milk) and toxicity of the herbs in 
Caco-2 and endothelial cells. Both species are recognized as flora of Iraq (Gues, 1966), 
however, this is the first time that Thymus syriacus found in Kurdistan-Iraq has been 
identified and investigated, since there is no electronic information available on this herb 
nor on Thymhra spicata in the rest of Iraq. This research was undertaken owing to the 
abundance of thyme and thymbra in Kurdistan and their widespread use in foods, and 
their possible impact on food preservation and human health.
7.1. Characterisation
Due to taxonomic importance, herb specimens were pressed and identified as Thymus 
syriacus var syriacus and Thymhra spicata L. at the Royal Botanic Gardens, Kew, UK by 
examining the roots, stems, leaves, flowers and seeds. Following identification, the 
shade-dried herbs (ground and whole) were extracted by hydrodistillation. Significant {P
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< 0.05) differences were found between VO yields of herbs from high altitudes (1100 m 
and 900 m) and low altitude (650 m and 400 m) and whether they were extracted from 
whole herbs or ground products. The average VO content in whole Thymus syriacus and 
Thymhra spicata at high altitude was 3.74 ± 0.04 % (v/w) and 4.11 ± 0.08 % (v/w), and 
at low altitude VO values were 2.50 ± 0.1 % and 2.75 ±0.1 %, respectively. The average 
VO values in ground thyme and thymbra at high and low altitudes were 3.51 ± 0.04 % 
and 3.74 ± 0.03 %, and 2.26 ± 0.04 % and 2.53 ± 0.04 %, respectively (Table 3). The 
impact of altitude resulted in significant (p < 0.05) differences in VO yield (1.25± 0.1 %). 
Although the actual reason for differences in the VO yield at different altitudes is not 
clear, factors such as low temperature and high UV light could have a role in VO increase 
at higher altitude. At low temperatures, the chemical aromas are less volatilized and the 
herbs produce higher levels of secondary metabolites under UV stress. The effect of UV 
on VO increase was reported by (Lavola, 1998) and the increase of VO yields at higher 
altitudes was confirmed by Sotomayor et al. (2009).
The herbal VO concentration was higher by 0.25 ± 0.05 % when the herb was hydro­
distilled in the whole form (Table 2.2) compared to the ground form. Grinding resulted in 
the loss of some volatile oils due to the increased surface area and the heat generated 
during grinding. The adverse impact of grinding was also reported by Hanoi et al. (2003) 
when grinding Thymhra spicata. The grinding practice could have a significant impact on 
their acceptability in trade, as the VO content is indicative of the age of the crop as well 
as the storage conditions.
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Another factor observed in this study and that may have affected the VO yields was 
drought, as seen in 2008 when there was a serious drought in the Kurdistan-Iraq region. 
These anecdotal observations were made after thyme and thymbra crops of 2008 from the 
same populations were extracted and found to have remarkably high VO yields in thyme 
(6.25 ± 0.5 %) and thymbra (6.0 ± 0.3 %), respectively. Part of this VO increase is 
probably due to a difference in the moisture content prior to shade-drying. The effect of 
drought on VO yield increase was also reported by Simon et al. (1992), Khlaid (2006) 
and Petropoulos et al. (2008). However, Singh and Ramesh (2000) reported that the oil 
yield in rosemary {Rosmarinus officinalis L.) increased significantly when the soil 
moisture regime, ratio of irrigation water to cumulative pan evaporation (IW:CPE), was 
maintained at 0.5 compared to 0.25, but further increase (0.75 and 1.0) in moisture 
regime did not increase the oil yield.
Although the hydro-distillation method is described for oil extraction from herbs in 
pharmacopoeias, it has often been criticized for the determination of the VO composition, 
because of the possible transformation of aroma-active compounds due to the heat, steam 
and pH. Further, hydro-distillation is time consuming, non-volatile active compounds are 
not extracted, and it is possible to lose highly volatile components as well as water- 
soluble components. However, other common methods like solvent extraction with heat 
and pressure or supercritical fluid extraction methods, also have advantages and 
disadvantages. With solvent extraction methods (with or without heating) depending on 
the solvent used, the extract may contain non-volatile di- or tri-terpenes as well as resins, 
fats, fatty acids, waxes or pigments; consequently the extracts may contain low levels of 
aroma-active components. However, in accelerated solvent extraction (ASE) less damage
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occurs to the volatile oils due to decreased time and temperature compared to 
hydrodistillation. Newer techniques like supercritical fluid extraction (SFE) supercritical 
carbon dioxide and solid-phase microextraction (SPME) are solvent free and may have 
advantages for food industrial separations. Elowever, the latter method is time- 
consuming and showed low reproducibility. Thus hydrodistillation is still the method of 
choice (Richter & Schellenberg 2007).
In this study the herbal VOs were characterized for their individual components by 
comparison of the retention times of the chemical components to the retention times of 
the authentic standards of terpen(oid)s analysed by GC using either dichloro methane or 
hexane as the solvent (Table 2.3). Due to the similarity and isomérisation of terpenoids in 
the VOs, the patterns of fragmentation of each component were compared to their 
standard counterpart and identified by GC-MS, and their relative percentage content in 
the VOs was calculated (Table 2.4). In the present study, over 96 % of the components of 
the VO of Thymhra spicata and Thymus syriacus were identified. The major components 
identified in thymbra and thyme were carvacrol (74.0 % and 9.0 %), thymol (0.2 % and
74.1 %), bomeol (0.2 and 2.4%) and y-terpinene (10.7 % and 2.0%) respectively (Table 
2.4).
One of important points observed in this analysis was that despite the fact that MS is a 
good qualitative tool for isomeric and non isomeric compounds, it did not help to identify 
the two main isomers, thymol and carvacrol. This was due to the same pattern of 
fragmentation obtained for these two isomers (Fig. 2.3); thus the isomers were identified 
through their slightly different retention times. The identification was confirmed after
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running several replicates of authentic standards and mixtures of thymol and carvacrol on 
GC and GC-MS, comparing their retention times with those developed in the 
chromatogram of the VOs.
The VO yield and composition of the herbs are dependent on several factors including the 
environmental conditions like soil composition, natural habitat (Dimitrios et a l, 2005) 
and the stage of growth in the plant cycle (Jordan et al, 2006). The phytochemical 
changes during biosynthesis from a precursor y-terpinene f-cymene
thymol/carvacrol according to the stage of growth are reported by Jordan et a l (2006). 
Thus the higher y-terpinene in thymbra may be due to the fact that it was in the flowering 
stage whereas thyme had lower y-terpinene as it was in a full flowering/ fruiting stage. 
The full flowering stage results in the most active components i.e thymol and carvacrol. 
Thyme contained a higher total content of carvacrol and thymol which could explain in 
part thyme’s enhanced antioxidant and anti-microbial activities compared with thymbra.
7.2. Antioxidant activity
7.2.1 In food-grade sunflower oil
The evaluation of Thymus syriacus and Thymbra spicata VOs for their antioxidant 
activities was undertaken as essential oils are considered as natural antioxidants in food 
preservation. The antioxidant activities of thyme and thymbra VOs (0.5 % and 1.0 %) 
and their main constituents, thymol and carvacrol were evaluated in food-grade UV- 
oxidised sunflower oil. The VOs demonstrated antioxidant activities in a dose dependent 
manner, reducing peroxide values over time, as determined by two methods iodometric
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titration and ferrous thiocyanate (FTC) methods. Secondary oxidation products (TBARs) 
were also reduced in the presence of VOs.
The method for measuring lipid oxidation is important and ideally several methods 
should be used to get the true picture of the events and formation of primary, secondary 
and tertiary products. When the peroxide values of the sunflower oil were measured by 
the FTC method (Table 3.2), the values were higher than those obtained by iodometric 
method for the same time units under the same conditions (Table 3.1); this may be due to 
the reactivity of ferrous ions with both lipid hydroperoxide and alkoxyl radical producing 
ferric ions in both cases which was measured at 532 nm resulting in higher reading.
LOOH + -> LO* + OH + (1)
The alkoxyl radical is very reactive (Koppenol, et al. 1990) and capable of further 
reaction with another ferrous ion, solvent molecules (RH), and LOOH:
L0« + Fe^+ +H^ ^  LOH + Fe^+ (2)
Using both iodometric and FTC methods, the VOs (1.0 %) showed greater inhibition (P < 
0.05) of peroxide formation in oxidized sunflower oil compared to 0.5 % VO and BHT 
(0.025 % and 0.05 %) at 3, 6 , 9 and 12 hours (Fig. 3.6). In addition, thymol and carvacrol 
showed significant (P < 0.05) peroxide inhibition in the oxidised sunflower oil compared 
to BHT after 3, 6 , and 9 hours (Fig. 3.8.). Notably, thyme VO showed greater inhibition 
activity compared to thymbra VO, possibly due to the higher total phenolic content of 
thyme which comprised 74.1 % thymol and 9.0 % carvacrol, in contrast to thymbra 
which contained 74.0 % carvacrol and only 0.2 % thymol.
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Another parameter used for evaluation of the antioxidant activities of the VOs as well as 
their main constituents, thymol and carvacrol was measuring volatile aldehydes produced 
from the decomposition of the hydroperoxides (Table 3.3) of the oxidised oil using the 
TEA method (Guillen-Sans and Guzman-Chozas, 1998). The activities of both VOs of 
thyme and thymbra, namely thymol and carvacrol showed significant (P<0.05) MDA 
inhibition in the oxidized oil compared to BHT over all the time intervals; notably BHT 
showed 0 % inhibition in 9 hours (Table 3.4.).
The mechanism of action of the phenolic antioxidants involves the scavenging of free 
radicals by hydrogen-donation, although other mechanisms may be involved (Frankel, 
1998). Under the action of UV radiation, energy transfer occurred in the ground state 
molecular oxygen (^Oi) and a singlet oxygen generated. Singlet oxygen is a powerful 
oxidant which is capable of abstracting a hydrogen atom from methylene (-CH2-) group 
of fatty acid molecules leaving an unpaired electron on the carbon (-'CH-), which can 
react with oxygen to form peroxyl radical (LOO') (Howell and Saeed, 1999); or singlet 
oxygen acts as electron transfer producing reduced oxygen O2' . Thus, the initiation phase 
of PUFAs oxidation results in the formation of unstable lipid hydroperoxides. In the 
propagation stage, autocatalytic chain reaction produces further LOOH and fatty acid 
radical (L*) generating peroxyl and alkoxyl radicals. The chain reaction continues until 
the free radicals start reacting with each other forming complex products in the 
termination phase. The decomposition of the oxidized lipid products results in aldehydes 
and ketones that were measured by TBARs.
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In this study, thyme VO showed better antioxidant activity than thymbra VO, possibly 
due to the higher thymol content in thyme compared with that of thymbra. This is 
consistent with Yanishlieva et al. (1999) who attributed greater steric hindrance of 
phenolic groups in carvacrol making it more difficult to donate a hydrogen atom to the 
lipid radicals, compared with thymol.
OH C H 3 OH
CH3
Thymol (2-isopropyl, 5-methyl phenol) Carvacrol (2-methyl, 5-isopropyl phenol)
These in vitro results of thyme and thymbra VOs in inhibiting sunflower oil oxidation 
may be relevant to other fat based foods, especially if the organoleptic qualities at the 
effective concentration are acceptable to the public. Natural antioxidants are currently 
favoured by consumers and food manufacturers due to the possible toxicity of synthetic 
antioxidants like BHT (Kahl and Kappus, 1993). At the concentrations used in this study, 
the VOs were more effective than BHT and therefore have the potential for use in food 
products. Having demonstrated excellent antioxidant properties in the oil model system, 
it was considered that the antioxidant activities of thyme and thymbra VOs may also be 
used in biological systems and their efficacy in prevention of LDL oxidation were 
evaluated.
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7.2.2 Antioxidant activities of thyme and thymbra in human LDL
The antioxidant activity o f the herbal VOs of Thymus syriacus and Thymbra spicata and 
their major constituent terpenoids on C u^  mediated LDL oxidation were evaluated by 
measuring three parameters; lag-phase extension, reduction in the oxidation rate and 
inhibition of diene formation (absorbance difference) against control at plateau.
The VOs exhibited a dose (0.25, 0.5, 1.0, 2.0 pM) dependent effect and thymbra VO 
showed similar activity to thyme VO, although there are differences in the amount and 
efficacy of the specific constituents thymol and carvacrol (Fig. 4 ,5 ,6 ). The similarity of 
the two VOs may be due to the impact of high y-terpinene (10.7 %) in thymbra VO 
compared to thyme VO (2.0 %) in the LDL system. After thymol and carvacrol, y- 
terpinene was the most effective compound that inhibited oxidation in terms of lag phase 
extension, reduced oxidation rate and reducing absorbance difference (Chapter 4). y- 
Terpinene is lipophilic and partitions in the lipid phase whereas thymol and carvacrol 
may partition in both aqueous and lipid phases due to their hydroxyl groups and aromatic 
ring structures. Alpha terpinene is present is small amounts in both VOs but is not likely 
to be an effective antioxidant as its isomer y-terpinene, due to the difference in the 
double bond position in the aromatic ring; this is discussed below.
The superiority of thymol over carvacrol in terms of antioxidant activity in lipids has 
been mentioned earlier which was in part due to the hydroxyl position and greater steric 
hindrance effect of thymol over carvacrol (Figures 3.4, 3.5, 3.6). Several factors may 
affect the ability of an organic product for antioxidant activities including the presence of 
hydroxyl group, the number of hydroxyl group and the position of the hydroxyl group
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(Rice-Evans et a l, 1996). The hydroxyl group in the phenol molecules of thymol is 
located at meta and in carvacrol at ortho positions.
In addition, thymol exhibited the highest activity among all the terpenoids used probably 
due the chelation of copper ions by thymol compared to other compounds, as phenolic 
compounds have shown Cu^^ chelation only if they have two vicinal OH groups (Brown, 
et a l, 1998). Further, it has been reported by Naderi et al. (2004)_that thymol and 
eugenol may be able to change the affinity of the LDL particles for the LDL receptor 
probably due to their lipophilic property.
When other terpenoids were evaluated for their antioxidant capacity on LDL oxidation, 
among seven terpen(oid)s at 0.25, 0.5, 1.0, 2.0 pM only y -terpenine and a-trepenine 
extended lag phase significantly. Other terpenoids were either active only at high dose 
(2.0 pM) or showed pro-oxidant effect in lower concentrations used (table 4.1). These 
findings were also reported by Youdim et al. (2002).
In this study it was observed that the y-terpinene exhibited stronger activity comparing to 
its isomer a-terpinene (Fig. 4.7) which might be due to the localization of the double 
bonds. Further it was noticed the variation in anti-oxidant capacity between the two 
isomers increased almost linearly by increasing their concentrations. The superior effect 
of y-terpinene has been attributed to the presence of non-conjugated diene whereas the 
diene in a-terpinene is conjugated in the terpene ring (Li & Liu 2009). The mechanism of 
inhibition of lipid peroxidation by y-terpinene was attributed to a rapid reaction of the 
two radicals, the hydroperoxyl radical, HOO* and the linoleyl peroxyl radicals, LOO’ 
resulted from peroxidation of y-terpinene and linoleate respectively (Foti & Ingold 2003),
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They also reported that the only organic compound produced from peroxidation of y- 
terpinene was p-cymene whereas linoleate yielded linoleyl hydroperoxides.
The difference between the herb compositions could affect the degree of inhibition in 
LDL oxidation for instance our Thymus syriacus and Thymbra spicata contained an 
average of 74 % thymol and carvacrol respectively; but the content of these two main 
antioxidant phenolic compounds varies in other sources of thyme and wild thyme, as 
thymol content was 80.4 % and 30.0 %, and carvacrol was 2.1 % and 49.4 % respectively 
(Kulisik et al 2007). Consequently these thyme sources varied in anti-oxidant capacity of 
the herbal VOs at known concentration of the same oxidation system used. Apart from 
VO composition, other factors may contribute to variations in LDL oxidation such as the 
subject’s LDL composition and the amount of antioxidants in the blood plasma present.
LDL oxidation by C u^  is based on the hypothesis that copper binds distinct sites 
of lipoprotein apoB, forming centers of free radical production (Chevion, 1988), hence 
antioxidants can compete with copper ions to bind apoB sites, forming redox inactive 
complex and thus delaying or preventing the LDL oxidation (Esterbauer, 1993).
The bioavailability of the volatile oil compounds is an important consideration. Kohlert et 
al. (2002) reported that thymol was found only as thymol sulphate in plasma and as 
thymol glucuronide and sulphate in urine. Further, these authors suggested that thymol 
has a biphasic profile as the compound is distributed from the blood to the tissues, and is 
unlikely to accumulate due to high clearance and short life. However, the potential of 
essential oils as natural antioxidants for food preservatives or as supplements for disease 
prevention is an important research area, particularly when there is still lack of
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information and insufficient data on many individual herbs both in vivo and clinical trials. 
In addition to the antioxidant preservation properties of thyme and thymbra VOs as in 
food grade sunflower oil and in human LDL, it was considered useful to measure their 
antimicrobial activities.
7.3 Antimicrobial activity
Thymus syriacus and Thymbra spicata VOs at 0.1 % showed effective antimicrobial 
activities when tested in a range of micro organisms using disc diffusion method. The 
screening result was indicative of the VO activities on G’ and G^ bacteria as well as yeast 
and moulds in the order Cl sporogenes > S. aureus > B. Cereus > E coli > L. 
monocytogenes > p. aeruginosa and for fungi A.flavus > C. albicans.
These initial findings led us to determine thyme and thymbra VOs MIC (0.015 and 0.02 
%) and MCC (0.02 and 0.025 %) for inoculated E. coli in nutrient broth respectively 
using Mile and Misra technique; further the bacteriostatic and bactericidal properties of 
the VOs in inoculated E. coli in skimmed milk were determined as 0.05 and O.I % 
respectively. The effects of the VOs against E. coli in broth and milk mediums were 
measured with time following the standard procedure (2.2.3).
It is noteworthy to differentiate the lower MIC or MCC for E. coli in thyme compared to 
thymbra, which may be attributed to the compositional differences of the herbs. While 
thyme VO comprised thymol (74.1 %) and carvacrol (9 %), thymbra VO comprised 
carvacrol (74 %) and only 0.2 % thymol. It was reported that essential oils with high 
concentrations of thymol and carvacrol usually inhibit Gram-positive more than Gram-
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negative pathogenic bacteria (Nevas et ah, 2004). In this study we found that both VOs 
were effective for the whole range of the bacteria including G' bacteria.
In this study we avoided dissolving the VOs in a solvent, because solvents could quench 
the action of the antimicrobial agents used (Remmal et al. 1993), instead, the appropriate 
volume of VOs were added directly to the broth or milk followed by a thorough 
vortexing to maximize dispersion. Indeed, our findings are in line with those of Burt 
(2004) who reported that the antibacterial activity of most essential oils are between 0.2 
and 10 pL m L '\ equivalent to 0.02 % -  1 %. In this study, thyme and thymbra VOs 
reduced coli colonies by 5 and over 3 logs respectively in two hours which was mainly 
due to their major terpenoids thymol and carvacrol.
The mechanism of antibacterial action is discussed by several authors. It was reported by 
Di Pasqua et al. (2007) that thymol and carvacrol have the ability to cause microbial 
membrane disorder leading to alteration of fatty acid profile, besides the modification or 
disintegration of the cell structure. This mechanism was expressed in other words by Xu 
et al. (2008) who studied thymol and carvacrol (200 mg f^) (0.02 %) against E coli 
stating that phenolics were able to permeablilise and depolarise the cytoplasmic 
membrane; furthermore, Lambert et al. (2001) and Utlee et al. (2002) suggested that 
thymol and carvacrol disrupted the G bacterial outer membrane, releasing 
lipopolysaccharides leading to the permeability of cytoplasmic membrane to ATP and 
leakage of ions and other cell contents and bacterial death.
Thyme and thymbra VOs, were inactive against E coli in whole milk even at a 
concentration of 0.5 %, possibly due to fat or protein binding. Both VOs showed
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bactericidal effect at 0.1 % in skimmed milk (fat 0.1 %), indicating that this VO 
concentration is sufficient to overwhelm the low fat content as well as the milk proteins 
(Fig. 2). Following the precipitation o f milk casein proteins, the VOs demonstrated the 
cidal effect in decaseinated skimmed milk at 0.03 %, thus confirming the reduction of 
VO activity due to the presence of casein (Table 6). Further, after reconstruction of 
nutrient broth with casein and BSA proteins, the VOs were found to be inactive against 
E. coli. The reduction in efficacy of the VO is attributed to a protein-phenol complex 
formed through the binding sites of the aromatic nuclei and the hydroxyl group of the 
phenolic compounds, as both hydrogen bonding and hydrophobic interaction are the 
principal attractive forces between protein and phenolic groups (Fares et al. 1998).
Although the antimicrobial trials of essential oils have been applied to a range of foods, 
the significance of this study is the possibility of using Thymus syriacus and Thymbra 
spicata VOs in a range of food products after a careful organoleptical selection for aroma 
and nutrient compatibility. The use of VOs at 0.1 % in skimmed milk and its products 
like non-pasteurised cheese could be considered for creating improved microbial quality. 
Further, thyme and thymbra VOs could be used as food preservatives in low fat and/or 
protein content, such as soft drinks including fruit juices. This could replace some current 
preservatives such as sulphur dioxide and benzoic acid particularly for populations that 
cannot tolerate preservatives like sulphur dioxide. However, safety assessment of the 
VOs is important.
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7.4 Toxicity
The assessment of herbal VOs toxicity is essential because herbs are used as flavouring, 
food preservative (antimicrobial and antioxidant) or folk medicine resulting in long term 
exposures and possibly higher doses for neutraceutical purposes. The toxicity of the VOs 
were assessed using the MTT method in human colon cancer (Caco-2) cells, a good 
intestinal model, as well as in endothelial (Ea.hy-926) cells lines. The reason for using 
endothelial cells was to assess the VOs effect after possible absorption of the VO 
components, or if it was to be given intravenously.
It was evident that thymol and carvacrol (10, 20, 50 and 100 pM) did not reduce cell 
viability cell even at their highest concentration (100 pM) when compared to the control 
(Fig. 6.1). Thyme and thymbra VOs at 0.1, 0.25 and 0.5 pM (the concentrations used for 
testing antioxidant properties in the LDL model system) exhibited no significant (p >
0.05) cytotoxic effect when incubated with Caco-2 (fig. 6.2) and endothelial cell lines 
(Fig. 6.3).
When the antioxidant activities of the VOs were measured in Caco-2 cells oxidized by 
organic ^-BHP, thyme and thymbra VOs (0.25 and 0.5 pM) significantly reduced cell 
oxidation compared to the control, and thymbra VO showed slightly better antioxidant 
activity than thyme (Fig. 6.4). The inhibitory or antioxidant properties of thyme and 
thymbra VOs against t-BHP in the cell lines were compatible with those of thyme and 
thymbra VOs (0.25, 0.5, 1.0 and 2 pM) evaluated in the copper induced LDL oxidation 
model.
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Other in vitro studies (Harvathova et al. (2006) also confirm that at concentrations <IC5o 
the thymol and carvacrol did not induce DNA strand breaks in human hepatoma HepG2 
and colonic caco-2 cells. Further, the compounds showed significant protection of the 
DNA in cells treated with H2O2 after 24-h incubation which was attributed to the 
antioxidant activities of thymol and carvacrol. In contrast, Buyukleyla & Rencuzogullari 
2008) tested thymol (25, 50, 75, and 100 pg/ml) in human peripheral lymphocytes, and 
concluded that thymol may pose a genotoxic risk for humans and that care should be 
taken in its application; however, the concentrations used in their assay were a hundred 
fold higher (166.6, 333.3, 500 and 666.6 pM) than those used in this study.
The LD50 values in rats for carvacrol was reported as 810 mg/kg body weight and for 
thymol as 980 mg/kg body weight when administered orally; moreover, this level of 
thymol did not show an effect in a 19-wk rat (Hagan et ah, 1967).
The acceptable daily intake (ADI) of thymol and carvacrol are not available but for 
cinnamaldéhyde and carvone they are established as 1.25 and 1 mg/kg body weight, 
respectively (Council of Europe, 1992). On the basis of cinnamaldéhyde and carvone 
ADI (Img/Kg BW), an estimated dose for thyme and thymbra would be equivalent to 
two table spoon (~ 5g) of the dried herbs with VOs (3.0 -  4 %) for 75 Kg body w eight. 
A herbal tea can be made with boiling water. The volatile vapour can be inhaled and the 
tea can be taken orally after cooling. The author of this work has been practicing this for 
the last three years. There is still little in vivo information on the impact of thyme and 
thymbra or their essential oils. Further research is required, bearing in mind the 
abundance and popularity of the herbs and their applications.
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7.5 Conclusions
• The VO extraction for selected herbs and spices should be carried out on the 
whole product rather than the ground form, unless a modified apparatus is used to 
minimise the VO losses due to grinding.
® The altitude and drought are factors that significantly affect the variations in the 
volatile oil yields.
• In this study it was confirmed that the major VO constituent in thymus syriacus is 
thymol and the major constituent in thymbra spicata is carvacrol; the isomers, 
thymol and carvacrol could not be identified by mass spectroscopy due to their 
identical patterns of fragmentation but they can be identified by gas 
chromatography retention times.
• Thymus syriacus and Thymbra spicata VO were effective antioxidants in diverse 
systems including UV oxidized sunflower oil, in vitro in a Cu"^- induced LDL 
oxidation model, and in t-BHP oxidized Caco-2 and endothelial cells in a dose 
dependant relationship. Thyme VO had higher antioxidant activity than thymbra 
in all except the LDL model system
® Synthetic thymol showed higher antioxidant activity than its isomer carvacrol in 
all the systems tested.
® In LDL model system, y-terpinene demonstrated higher antioxidant activity than 
a-terpinene. The synergistic or additive effects of the individual terpenoids may 
have a significant impact on the overall volatile oils antioxidant capacity as both 
thyme and thymbra, which contain different amounts of thymol, carvacrol and 
terpinines had similar antioxidant activity .
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• Thymus syriacus and Thymbra spicata VOs and their main constituents thymol
and carvacrol were not toxic to Caco-2 and endothelial cells in the concentration
range used in this study.
• Thymus syriacus and Thymbra spicata volatile oils have antimicrobial activities 
against a broad range of microorganisms, with the MIC (0.015 % and 0.02 %) and 
MCC (0.02 % and 0.025 %) for thyme and thymbra VOs respectively against E 
coli in nutrient broth.
• Thyme and thymbra VOs showed bacteristatic at (0.05 %) and bactericidal (0.1 
%) effects against E coli in skimmed milk. However, the VO were not effective in 
the presence of fat or casein probably due to protein-polyphenol interactions.
• Herbal VOs can be considered as food preservatives and may be applied to a 
range of foods subject to organoleptic acceptability and nutrient compatibility.
« As substantial quantities of both thyme and thymbra grow in the wild throughout
Kurdistan, they provide an abundant natural resource for neutraceuticals and
economical potential.
7.6 Further studies
Further studies are needed on essential oils from herbs including thyme and thymbra, 
due to their abundance and popularity as natural products with consumers, and their 
diverse therapeutic potential including anticancer effects as well as different modes of 
action compared to classic cytotoxic chemotherapeutic agents. If the active 
substances are to be added to foods in greater concentrations than are currently used 
for flavourings, further safety studies may be necessary, particularly in vivo studies 
and clinical trials.
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APPENDIXES 
Appendix 1 
Biological Materials:
Blood was drawn from fasted Dr. Jonathan E. Brown (the project supervisor) of the 
Faculty of Health and Medieal Sciences - University of Surrey.
Preparation of solutions:
The following solutions were made up in advance of LDL preparation.
Anticoagulant (acid citrate dextrose solution):
Used to prevent blood coagulation, prepared in 400 mL milli-Q water using 30 mM tri­
sodium citrate (4.41 g / 500 mLs), 114mM glucose (10.27 g. / 500 mL) and 2.81 mM 
eitrie aeid (0.43 g / 500 mL). 100 pM of EDTA (0.0186 g / 500 mL) was added to 
prevent deterioration of the anticoagulant solution. Using a pH meter between pH 4 and 
7, the solution was adjusted to a pH of 6.4 when finally made up to 500 mLs with milli-Q 
water, and stored at 4°C.
Saline solution was made up with 0.9 % sodium chloride (9 g. / L) in 1 L of milli-Q 
water. The solution was stored at 4°C.
Density solutions two density were prepared for use in blood centrifugation and LDL 
separation. A low density solution was made up with 40 g NaBr in 500 mL milli-Q water
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and 100 pM EDTA. The high density solution was made up with 90 g NaBr in 500 mL 
milli-Q water and 100 pM EDTA. The solution was stored at 4°C
Phosphate buffered saline (the dialysis buffer) was made up using 10 mM potassium 
dihydrogen orthophosphate (6.8045 g / 5 L), 0.9 % NaCl (45 g / L) and 10 pM EDTA in 
4 L milli-Q water. Adding drops o f NaOH (1 M), the solution was adjusted to pH 7.4 
using a calibrated pH meter and finally the volume was made up to 5 L with milli-Q 
water. The solution was stored at 4°C.
Preparation of LDL:
From a healthy fasted normolipidaemie volunteer, a 50 mL blood sample was drawn by 
venipuncture and dispensed into three universal tubes eaeh containing 4 mL of 
anticoagulant solution. Using the centrifuge Bench Heraeus centrifuge 400 R, the tubes 
were centrifuged at 2000 rpm (g-force = 1792) for 20 minutes at 10 °C. The plasma layer 
(31 mL) was removed and kept in a glass cylinder and the red cells were safely disposed. 
Care should be taken from plasma contamination with RBC layer containing iron which 
will have an adverse impact on LDL oxidation.
The plasma was density adjusted with solid NaBr (0.45 g. / mL), following a gentle 
invertion of the solution to dissolve the NaBr in the plasma, the volume was slightly 
increased to 34 mL. The plasma was then transferred into 6 polypropylene centrifugation 
tubes each containing 20 mL saline solutions. It is important to remember to add very 
gently the plasma to the bottom of the tubes in which saline added with a minimum
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disturbance.The tubes were weighed and adjusted with addition of NaCl drops, so that the 
opposite tubes in the centrifuge were equal to the nearest 0.01 g. The LDL was then 
separated from the plasma by centrifugation at 45,000 rpm (g-force = 226,800) for two 
hopures at 10 °C in a XL-100 Beekam Ultracentrifuge using a Ti60 rotor, as adopted in 
the method of Chung et al. (1980).
Following discarding the top layer of all the tubes, presumably covered with 
ehylomycron, the middle golden layer was carefully withdrawn using a pasture pipette. 
The volume of LDL solution in this stage was 18 mL, which was then layering between 
high and low density NaBr in two clean centrifugation polypropylene tubes. Six mL of 
high density of NaBr was added to the bottom of the tubes, followed by adding half of 
LDL volume (8-9 mL), and topped up with low density NaBr. Care should betaken while 
adding the LDL to the tubes, by adding it gently to the tube walls and possibly making 
bubbles as a cushion so it will prevent mixing LDL with the layer. Following the weight 
adjustment of the two tubes, a second centrifugation at 45,000 rpm (g-force = 226,800) 
for 16 hours at 10 °C was carried out to concentrate the LDL sample, thus to lowering the 
HDL and albumin concentration. The top golden layer of eaeh tube was carefully 
removed and dispensed into a universal tube using a pasture pipette. The LDL was 
filtered through 0.22 pM ( Millex GP filter) to sterilise and kept in the fridge at 4°C.
LDL Dialysis
The LDL dialysis was carried out in phosphate saline buffer in order to get rid of the 
impurities and EDTA present in the extracted LDL. The Visking tubing (about 20 cm)
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was soaked in boiling water for 1 minute in order to ensure a uniform pore size. The 
required LDL volume (3-4 mL) was added to the tube and sealed using the plastic clips 
and dialysed with the buffer (4 °C) changed every 40 minutes. The LDL was then 
removed with a sterilized syringe and filtered through 0.2 mieron filter. The sample had 
to be used within a week. The same procedure from blood withdrawal to dialysis had to 
be followed for each time a fresh LDL was required.
Protein determination
For protein determination the modified Markwell (Markwell et al., 1978) method was 
followed. This method improved upon the original method of protein determination by 
(Lowry et al., 1951) in the following:
1. An increase in copper tartrate concentration which helps to counterbalance the 
interference caused by EDTA and sucrose.
2. Sodium dodecyle sulphate (SDS) is added to the alkali reagent, so no need to 
prior sloubilisation and delipidation and the sample can be directly assayed.
3. Absorbance was read at 750 nm to improve on the resolution in contrast to the 
Lowery method. The absorbance peak of the blue chromophore extends through 
much of the visible spectrum in a broad plateau and reaches a maximum at 750 
nm. Samples with high protein concentration cab ne measured at 500 nm.
4. Assay volume is also reduced by using mierocuvettes.
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Markwell solutions include:
Solution A (1 L): Made with Milli-Q water using 2.0 % Sodium carbonate (20g / L), 
0.40% NaOH (4 g. / L), Sodium tartrate (1.6 g / L) and 1.00% Sodium dodecyle sulphate 
(10 g / L). The solution was stored in 4°C and is stable for one year.
Solution B (500 mL): Made with Milli-Q water containing 4.0 % Copper sulphate (40 g / 
L). The solution was kept at 4 °C.
Solution C consisted of Folin & Ciocalteus phenol reagent diluted with Milli-Q water 
1:1. Each time the protein assay was undertaken the solution C was made freshly.
Bovine Serum Albumin (BSA) stock solution
The solution was made of 3 mg / 20 mL Milli-Q water, and was freshly prepared each 
time the protein assay was undertaken.
From Beer Lambert Law:
Concentration (mg / mL) = Optical Density (CD) x (13/ 9) or (65000 / 45,000)
Aim for an absorbance between 0.075 and 0.100, which is equivalent to a protein 
concentration of 108.3 and 144.4 pg / mL.
From the above stock solution a serial dilution of (50, 100, 150, 200 and 250) mL was 
prepared in test tubes, control was also included, all in duplicate.
Following the mixing of solution A and B in ratio of 50:0.5, to all the test tubes 1.5 mL of 
this mixture was added to all the tubes and incubated in dark for 20 minutes. From the 
solution C, 150pL was added to all the test tubes, vortexed and left to stand in room 
temperature in dark for 30 minutes. The absorbances (OD) were measured at 750 nm. In
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the mean time, the protein content of two LDL samples (lOpL and 20 pL, made up to 1 
mL with Milli-Q water), made in duplicate and the absorbance was read at 750 nm on a 
Beckman Spectrophotometer against the BSA standard. The volume of LDL required for 
the LDL oxidation was calculated from the absorbance values obtained. This procedure 
was followed with eaeh blood sample. A typical example of the absorbance of BSA serial 
dilution is shown below:
Absorbance of BSA stock solution = 0.993 at 279 nm 
Albumin concentration = 0.993 x 65,000 / 45, 000 = 0.1413 
0.1413 X 1000= 143.3 pg/m L.
Stock solution pL Milli-Q Water pL Abs. 750 nm Protein concentration pg / mL
control 1000 0.00 0.00
50 950 0.0519 7.17
100 900 0.1032 14.34
150 850 0.1478 21.51
200 800 0.1877 28.68
250 750 0.2262 35.85
LDL 10 990 0.0566 875.5
LDL 20 980 0.104 787.8
Average LDL 822.7
If we assume the stock solution has an absorbance of 0.993 at 279 nm, which equates to 
143.3 pg / mL protein. The values for the standard curve are those depicted in column 4 of 
the table. Blank is shown as 0.00 protein content.
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Fig (). Standard curve of Bovine Serum Albomin. Absorbance values against the final 
protein concentration,
from which the protein concentration of LDL can be calculated using the slope of the line 
0.0066x.
Calculation the volume of LDL;
Following the protein assay, the standard curve was produced, and the slope was used to
calculate the protein concentration in LDL samples. The curve expresses the direct
correlation between the protein concentration and the absorbance values.
The protein concentration in LDL was caleulated as folows:
10 pL has absorbance of 0.0566 
20 pL has absorbance of 0.104 
The slope of the line Y = 0.0066x 
The protein concentration of the samples:
10 pL : 0.0566 / 0.0066 x 100 = 787. 8 pg / mL 
20 pL : 0.104 / 0.0066 x 50 = 822. 7 pg / mL 
Average protein-LDL = 805.25 pg / mL
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A final LDL concentration of 250 pL / mL was needed for oxidation, equating to 62.5 pg 
/ mL BSA, thus 62.5 / 805.25 x 1000 = 77.6 pL / mL. The typical volume of LDL 
required for oxidation in this assay was 77 pL.
Calculation of C u ^ a s  Copper (II) sulphate:
Assuming the final concentration of EDTA in the LDL sample after dialysis was 10 pL, 
the amount of C u^ ions as copper (II) sulphate needed to neutralize its action and induce 
oxidation can be calculated from the required volume of LDL.
The required volume of LDL was 77 pL / mL 
Concentration of EDTA within this sample = 0.77 pL
Since a final concentration of 10 pM of Cu""" is required for oxidation, thus the total 
concentration = 10 + 0.77 = 10.77 pM of Cu^.
The volume of copper (II) sulphate (100 pM) is required for initiation of LDL oxidation 
in this assay was 107.7 pL = 108 pL.
Volatile oil and other Phenolic samples preparation:
The shade dried herbs were hydro-distilled using clavenger, after which characterized for 
their individual components. Thymol found the major (74 %) component in thyme and 
Carvacrol (74.0 %) in thymbra. Other terpenoid components were also identified using 
GC-MS. Thyme and Thymbra VOs were prepared in (0.25, 0.5, 1.0) pM and thymol and
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carvacrol were pre pared in (0.025, 0.05, 0.1) pM and other terpenoids were prepared in 
(0.25, 0.5, 1.0, 2.0) pM with ethanol (96 %).
LDL oxidation
Two solutions were made up in advance, the phosphate buffer solution (PBS) and Copper 
(II) solution. The PBS (10 mM) potassium dihydrogen orthophosphate (0.68 g / 500 mLs) 
and (0.9 %) sodium chloride (4.5 g / 500 mLs) made up to 500 mLs with Milli-Q water. 
The copper sulphate solution was made up with copper (II) sulphate (lOOpM in 10 mL), 
from a 1 mM stock solution in Milli-Q water. Both solutions were stored at 4°C.
The typical amount of LDL and C u^ ion needed to induce oxidation of the LDL was 
calculated as shown above, 76 pL and 108 pL respectively. Although Esterbauer et al, 
(1989) described 1.66 pM Cu"^, but this was failed to initiate the oxidation, the 
concentration was thus raised to 10 pL C u^ to ensure the oxidation as described by 
(Ziouzenkova et al., 1998). For every blood sample freshly taken, the calculation of LDL 
and Cu^, was recalculated.
On this basis the volumes of LDL, copper (II) sulphate and 2 pL of the VOs and 
terpenoids in varying concentration or the vehicle solvent (ethanol as control) was 
calculated and the volume was made up to 1 mL with PBS in one mL quartz cuvettes. 
The PBS was pipetted in first followed by LDL and VOs (terpenoids). The copper (II) 
sulphate solution was always added last just before placing the cuvettes into incubation at 
30° C.
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The antioxidant capacity of thyme and thymbra VOs and other terpenoids was measured 
by monitoring their inhibitory effects on copper initiated LDL oxidation. Burkitt, (2001) 
has shown that copper ion can entirely decompose peroxides in LDL to chain propagating 
radicals.
LOOK + C u ^  ^  h02  + Cu’^  + H+
LOOK + C u "  -> L 0 '+  Cu” + OH
Cu++ +LOOH ->LO ’+C u(III)+O H -
The oxidation of LDL was monitored by measuring the increase of primary product of 
lipid peroxidation, the lipid hydroperoxides (LOOK). This process will continue through 
the oxidation of PUT As forming conjugated double bonds (Esterbauer et al., 1992) being 
indicative of the rate of LDL oxidation. The basorbance of these conjugated dienes were 
measured over a time course at a regular 10 minutes intervals at 234 nm using Perkin- 
Elmer Lamda 5 UV/VIS spectrophotometer.
The kinetics of Cu^-induced LDL oxidation can be measured in to three time phases, the 
lag phase, propagation phase and decomposition phase. The lag phase, which is an index 
of the oxidation resistance of LDL, during which the LDL becomes gradually depleted of 
its antioxidants with a-tochopherol at the first and p-carotene at the last (Esterbauer and 
Jurgens, 1993) only minimal lipid peroxidation occur.
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In the propagation phase, the rate of lipid peroxidation increases and reaches its 
maximum at which 70-80 % of LDL PUFAs are xoidised. In the decomposition phase the 
peroxide content of LDL start to fall due to decomposition reactions in which the 
formation of aldehyde becomes predominant.
In this study, the effects of thyme and thymbra VOs as well as their major terpenoids on 
LDL oxidation were assessed by measuring three parameters: extension of lag phase, 
propagation rate and the absorbance difference at peaking time of control.
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Appendix 2
Typical examples of conjugated diene kinetics during LDL oxidation
Effect of Thyme Vo (0.5,1.0,2.0) UM on LDL oxidation
0.0
2:24 4:48 7:12 9:36 12:00 14:24 16:48 19:12
- 0 .2  J
Time (minutes)
-$— Control —m—  Tym-0.5 Tym1-1.0 X Tym2-1.0 *  Tym1-2.0 Tym2-2.0
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Effect of thyme VO (0.5,1.0, 2.0) UM on LDL oxidation
0.7
0.6
y
8 0.5 
-8
8  0.4
0.3
0.2
0.0
0:00 1:12 2:24 3:36 4:48 6:00 7:12 8:24 10:489:36
Time
T1-0.5 T2-0.5 T1-1.0 T2-1,0 I I -2.0 T2-2.0
Effect of Thymbra Vo (0.25, 0.5, 1.0) UM on LDL oxidation
0.90 1
0.80 -
0.70 -
0.60 -
o  0 .50-
I 0.40 -
0.30 -
0.20  -
0.10  -
0.00
0:00 1:12 2:24 3:36 4:48 6:00 7:12 8:24 9:36 10:48
Time
— Control —■— Tmbrl-0.25 Tmbr2-0.25 Tmbr1-0.5 —* — Tmbr2-0.5. —# — Tmbr-1.0
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ro■eo
B fe c t of htymbra VO (0.25, 0.5, 10.0) UM on LDL oxidation
0.9
.8
0.7
0.6
0.4
0.3
0.2
1
0.0
16:484:48 7:12 9:36 12:00 14:242:240:00
Time
-4— Tmbr1-10 -H»— Tmbr2-10.0 tmbrl-0.25 - x —■ tmbr2-0.25 — tmbr1-0.5 —#— tmbr2-0.5
Effect o f Thym ol ( 0 .05,0 .1  ) UM on LDL oxidation
0.6
0.4
0.2
0.0
19:127:12 9:36 12:00 14:24 16:482:24 4:480:00
Time
♦  control-1 ■ control-2 T1-0.05 x  T2-0.05 X T1-0.1 •  T2-0.1
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Effect of carvacro l (0.025, 0.05, 0.1) UM on LDL oxidation
0.9
0.8
0.7
I
■e 0.5 
| o .
0.3
0.6
0.2
0.1
0.0
0:00 2:24 4:48 7:12 9:36 12:00 14:24 16:48
Time
Control — 0.025 0.050 0.050 —X— 0.100 — 0.100
Bfect of carvacrol ( 0.25, 2.5, 5.0) UM on LDL oxidation
8
cro
f  0.6
T .
0.2
0:00 2:24 4:48 7:12 14:249:36 12:00
Tim e
C l-0.25 - ■ — 0 2 -0 .2 5  0 1 -2 .5  - x — 0 2 -2 .5  -4*— 0 1 -5 .0  —#— 0 2 -5 .0
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Effect of gama terpinen (0.25, 0.5, 1.0, 2.0) DM on LDL oxidation
G-terp-0.5 —X— G-terp-1.0 —* — Gterp1-2.0 —#— G-terp2-2.0Control —■—  G-terp-0.2
Effect of alph Terpinene (0.2, 0.5,1.0, 2.0) DM on LDL oxidation
1.0
0.9
0.8  -
0.7
0.6
0.4
0.3
0.2 -
0,0
14:24 16:484:48 7:12 9:36 12:000:00 2:24
-$—  Control —■—  alphT-0.2 alphT-0.5 ' "X alpfiT-1.0 — alphT1-2.0 alphaT2-2.0
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Effect of Myrcene on LDL oxidation
0.9
0.7
0.6
0.4
0.3
0.2
0.0
19:127:12 9:36 12:00 14:24 16:481:00 2:24 4:48
concentration DM
myrcn-0.2 myrcn1-2.0 — myrcn2-2.0control myrcn-0.5
03
JQ
Effect of B-caryophyllene ( 0 .2 ,0 .5 ,1 .0 ,2 .0 )  On LDL oxidation
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
6:002:241:12 3:36 4:480:00
Time
-4—  Control Cryph-0.2 cryph-0.5 —x — cryphI.O - 4K— cryph1-2.0  — cryph2-2. 0
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Effect o f Borneol (0.2, 0.5, 1.0, 2.0) UM on LDL oxidation
0.7
0.6
0.5
0.4
0.3
0.2
0.0
0:00 1: 12 2:24 3:36 4:48 7:126:00
Time
■ Controi —■— VO-0.2 VO-0.5 —x— VO-1.0 —* — VO-2.0 — *  ■ VO-2.0
Effect of P-cymene ().25, 0.5,1.0, 2.0) UM on LDL oxidation
0.9
0.7
I  ° '
0.3
0.2
0.0 É -  
0:00 1:12 2:24 3:36 4:48 6:00
Time
-controi —«— cymen-0.2 cymen-0.5 - X  cymen-1.0 ■ ■ cymn 1-2.0 —#— cymn2-2.0
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Effect of alpha pinene (0 .2 ,0 .5 ,1 .0 ,2 .0 )  UMon LDL oxidation
0 . 7 -
0 . 4 -
0 . 3 -
0 .2 -
19:127:12 9:36 12:00 14:24 16:482:24 4:480:00
pinen-0.5 - X — pinen-1.0 — pinen1-2.0 pinen2-2.04 —  Control pinen-0.2
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